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DISAPPROVED....

JUSTIFICATION FOR NON-COMPETITIVE PROCUREMENT

COMPLETE THIS SECTION IF NEW CONTRACT

For contract(s) in this request, answer applicable questions in cach of the 4 major subject areas below in accordance with the Instryctions for
Preparation of Non-Competitive Procurement Form on the reverse side.

' / 2,
Request that negotiations be conducted only with IJ B‘_Iy SOIQ for the product and/or services described herein,

{Name of Person or Firm)
This is a request for __ v~ (One-Time Contractor Requisition # , copy attached) or Term Agreement or
Delegate Agency (Check one). If Delegate Agency, this request is for “blanket approval” for all contracts within the
(Attach List) Pre-Assigned Specification No.
{Program Name) Pre-Assigned Contract No.

< THIS SECTION IF AMENDMENT OR

Describe in detail the change in terms of dollars, time period, scope of services, etc., its retationship to the original contract and the specific reasons
for the change. Indicate both the original and the adjusted contract amount and/or expiration date with this change, as applicable. Attach copy of all
supporting documents. Request approval for a contract amendment or modification to the following:

Contract #: Company or Agency Name:
Specification # Contract or Program Description:
Modification #: | (Attach List, if multipie)
Originator Name Telephone Signature Department Date

Indicatc SEE ATTACHED in cach box below if additional space needed:

@ PROCUREMENT HISTORY

e=  AHoched

o ESTIMATED COST

S U580 eaH ; /0D uts = § /0,528,000 540 afockec]

@ SCHEDULE REQUIREMENTS
Se atahuel
@ EXCLUSIVE OR UNIQUE CAPABILITY

Qo atachnld

Q OTHER
r )i
i N . g
APPROVED B« ///25/0? R N —— /2 V4
DATE BOARD CHAIRPRBSON - W_— /

lo




{Rev. §/04)

If a City Department has determined that the purchase of supplies, equipment, work and/or services can not be done on a competitive basis, a sole
source justification must be prepared on this “Justification for Non-Competitive Procurement Form”™ in which procurement is requested on a non-bid
o non~competitive basis in accordance with 65 ILCS 5/8-10-4 of the inais Compiled Statutes. All applicable questions in cach Subject Area below must
be answered. The information provided must be complete and in sufficient detait to allow for a decision to be made by the Non-Competitive

Procurement Review Board. Also attach a complete CPAC Project Checklist, and any other required forms (see Other #1, below). The Board will not
consider justifications with incomplete information documentation

PROCUREMENT IISTORY,

1. Describe the requirement and how it evolved from initial planning to its present status,

2. Is this a first time requirement or a continuation of previous procurement from the same source? If so, explain the procurement history.

3. Explain attempts made to competitively bid the requirement. (Attach copy of notices and list of sources contacted)

4. Describe all research done to find other sources. (List other cities contacted, companies in the industry contacted, professional organizations,
periodicals and other publications used).

5.

Explain future procurement objectives. Is this a one-time request or will future requests be made for doing business with the same source?
6. Explain whether or not future competitive bidding is possible. If not, why not?

ESTIMATED COST{
1. What is the estimated cost for this requirement (or for each contract, if multiple awards contemplated)? What is the funding source?
2. What is the estimated cost by fiscal year, if the job project or program covers multiple years?
3. Explain the basis for cstimating the cost and what assumptions were made and/or data used (ie. budgeted amount, previous contract price,
current catalog or cost proposal from firms solicited, engineering or in-house estimate, etc).

4. Explain whether the proposed Contractor or the City has a substantial doilar investment in original design, tooling or other factors which would

be duplicated at City expense if another source was considered. Describe cost savings or other measurable benefits to the City which may be
achieved,

5. Explain what negotiation of price has occurred or will occur. Detail why the estimated cost is deemed reasonable.

SCHEDULE REQUIREMENTS

1. Explain how the schedule was developed and at what point the specific dates were known.

2. lIslack of drawings and/or specifications a constraining factor to competitive bidding? If so, why is the proposed Contractor the only person or
firm able to perform under these circumstances? Why arc the drawings and specifications lacking? What is the lead time required to get
drawings and specifications suitable for competition? If lack of drawings and specifications is not a constraining factor to competitive bidding,
¢xplain why only one person or firm can meet the required schedule.

3. Outline the required schedule by delivery or completion dates and explain the reasons why the schedule is critical.

4. Describe in detail what impact delays for competitive bidding would have on City operations, programs, costs and budgeted funds,

EXCLUSIVE OR UNIQUE CAPABILITY

If contemplating hiring a person or firm as a Professional Service Consultant, explain in detail what professional skills, expertise, qualifications,
other factors make this person or firm exclusively or uniquely qualified for the project. Attach copy of cost proposal and scope of services.

2. Docs the proposed firm have personnel considered unquestionably predominant in the particular ficld?

3. Whatprior experience of a highly specialized nature does the person or firm exclusively possess that is vital to the job, project or program?

4. What technical facilities or test equipment does the person or firm exclusively possess of a highly specialized nature which is vital to the job?

5. What other capabilities and/or capacity does the proposed firm possess which is necessary for the specific job, project or program which makes
them the only source who can perform the work within the required time schedule without unreasonable costs to the City?

6.

If procuring products or equipment, describe the intended use and explain any exclusive or unique capabilities, features and/or functions the

items have which no other brands or models, etc. possess. Is compatibil ity with existing equipment critical from an operational standpoint?
Explain why.

7. Is competition precluded because of the existence of patent rights, copyrights,
documentation verifying such.
8. If procuring replacement parts and/or maintenance services, explain whether or not replacement parts and/or services can be obtained from any

other sources? If not, is the proposed firm the only authorized or exclusive dealer/distributor and/or service center? if so, attach letter from
manufacturer.

trade secrets, technical data, or other proprictary data? Attach

Iy P .

1. All submissions must contain detailed information about how the proposed firm will comply with the requirements of the City’s Minority

and Women Owned Business program. All submissions must inchide a complete C-1 and D-1 form, which is available on the Procurement
Services page on the City’s intranet site.

OTHER

Explain other related considerations and attach all applicable supporting documents
(ITSC) form, an approved Request for Individual Contract Services form, etc.)

(an approved Information Technology Strategy Committee

authorized designeg.” |



DPS PROJECT CHECKLIST s 0P8 Use Oy

" Date Raturned
IMPORTANT: ALL INFORMATION SHOULD BE COMPLETED, ATTACH ALL REQUIRED - un

MATERIALS AND SUBMIT FOR ROUTING TO THE DEPARTMENT OF PROCUREMENT SERVICES, ROOM  Date Accapted
403, CITY HALL, 121 N. LASALLE STREET, CHICAGO, |LLIN013 60802, ATTENTION: CHIEF

PROCUREMENT OFFICER, (CACNsName
General information: o

Date: //.075 O? e . Need by (eltlmated dato)‘m__m

Hoquultlon Ne.: - C°'“a°' Person: Lqu C/d/)/(_ . Pro]oct Managor' PM EMTGD
Spocmcatlon No.: (if known) o o

PO No.: (If known) .. Telephone L.U(s7 B
Modltlcathg No.: (it known) e Fax Y- 3207

Previous PO No.: (# known) | Emai Il&c/M/ta)C/ Yot Chig0. GB Emai: ‘ T

Project Description: 8 [ 6 BELL\/ S oloR.

Fungmg T RE Deff/)m{ m& | R ‘. )

Crty: D Corporate . BBond )

Stato. CI 1DOT/T ransn D IDOT/Highway p -
Fedarai: | TFHwa " OFA OO Faa B
‘LINE FY 'FUND DEPT ORGN  TAPPR ACTV  [PROJECT |APTG $ DOLLAR AMOUNT |
| . r -
. : [ e b E 1 ;
l ‘ !
! j

Term Estimated Vaiue $_/0, S8 OCD

‘IF GRANT FUNDED, ATTACH COPY OF THE APPROVED GRANT AND APPLICATION AND ANY OTHER TERMS AND CONDITIONS OF FUNDING SOURCE THAT

MAY APPLY. GRANT FUNDS MUST BE ___COMMITTED OR ___SPENT BY DEADUNE:
Scope Statement:
{0 Attached is a Datailsd Scope of Services and/or Specification. E-mali softcopy in Microsoft Word to DPS Unit Manager

- IMPORTANT:

| THIS IS A CRITICAL PORTION OF YOUR SUBMITTAL. IN ORDER FOR DPS TO ACCEPT YOUR SUBM!TTN.VOU MUST COMPLETE THE
SPECIFIC SCOPE REQUIREMENTS AS SET FORTH IN THE SUPPLEMENTAL CHECKLIST FOR THAT UNIT.

Purchase Order Type (Check All That Apply):

Now Floqunt e B MModlflcaﬂon/Nnondmant o
D Blanket/T erm/DUR/Agreemant

[ Master Agreement (Task Orde,)“ -
[XStandard/One-Tlme Purchase .
Forms

D Scope Change/Prigq lncrease/Addltiona

e - OOter(specity):
0 Requiion e

D Spema| Approvals B T yn T ’ o - I PSS o B .
MNon-Compemlve Hewew Board (NCRB)

Contract Term: (Y& S /-/ oTr

** Requested Term (Number of Months):

Pre-Bid/Submittal Requirements:

Mandatory Pre Bid/Submittal Conference? [J Yes* [(ANo
Requesting Site Visit? {7 Yes o
“If yes, explain reasons why mandatory attendance is necessary.
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COMMODITIES SUPPLEMENTAL CHECKLIST
Required Attachmants:

[ Datailed Specitications (Scope of Services) including detailed description of the product, delivery location, user department contact, price escalation
considerations

(3 Bidder's quaiification, contract tarm and extension options

K] Contractors qualifications, citation of any appiicable City/State/Federal statutes or regulations, citation ot any applicabie technical standards
3 Price Lists/Catalogs, technical drawings and other exhibits and attachments as appropriate.

Attach Recommendation of MBE/WBE/DBE Analysls Form Oves [ No
Is this a Revenus Producing contract? Yes []No

it Modification request, please verity and provide tha following:
Contractor's Namae:

Contractor's Address:

Contractor's a-mail Address:

Contractor's Phone Numbar:

Contractor's Contact Persan:

" CONSTRUCTION SUPPLEMENTAL CHECKLIST
Required attachments:
Copy of Draft (80% Completion), Contract Documants and Detalled Specifications
Risk Management
Current insurance Requirements prepared/approved by Risk Management: [dYes [INo
Will services bae performed within 50 feet of CTA train or other railread property? vyes [JNo
Wik services be performed on or near a waterway? o O vyes [INo

Attach Recommendation of MBE/WBE/DBE Analysis Form O Yes [ONo

It Modification request, please verify and pravide the following:
Contractor's Namae:

Contractor's Address:

Contractor's a-mail Address:

Contractors Phone Number:

Contractor's Contact Person:

PROFESSIONAL SERVICES SUPPLEMENTAL CHECKLIST

If New Request (Check applicable boxas):
Is this a Request for Information (RF1)?

s this a Request for Qualifications (RFQ)? [ Yes [JNo
Is this a Request for Proposal (RFP)? Jves [INo
If RFQ or RFP, did any oulside Consuitant provide advice or deiiverables in developing the RFQ or RFP? O ves* I No
*if yes, Company Name: PO#

Attach a narrative explaining the consulting services and deliverabies provided.

Is this a Non-Competitive Procurement?

“If yes, attach completed Non-Competitive Justification form, vendor
submitted to the Non-Competitive Review Board.

O ves ONo

O ves* INo
proposal and completed MBE/WBE compliance plan (Schedules C-1 and B-1)

Is this a raquest for Individual Contract Services?
‘it yes and you seek a sole source contract to hire a person as a Consultant, attach ¢
Services” approval form signed by Department Head, Office of Compliance & OBM.

{JYes" I Ne
ompleted Office of Compiiance “Raquest for Individual Contract

s this a Revenue Producing contract?

Oyes ONo
Does this requast involve the purchase of Software? O ves* I No
"It yes, is City required to sign a software license? 3 Yes* [J No

*If yes, attach descriptions of software and software license agreemant,
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City of Chicago
Richard M. Daley, Mayor

Department of
Streets and Sanitation

Thomas G. Byrne
Commissioner

Administrative Services
City Hall, Room 701

121 North LaSaile Street
Chicago, {llinois 60602
(312) 744-4672

(312) 744-2670 (FAX)

http://www.cityofchicago.org

BUILOING CHICAGO TOGETHER

MEMORANDUM

drement Qfficer

/
~_“Fhomas G. Byrne, Commissiofier
Department of Streets and Sanitation

FROM:

DATE: November 25, 2009

SUBIJECT: Request Sole Source Contract

BigBelly Solar

The Department of Streets and Sanitation is requesting a sole source contract

with BigBelly Solar to procure 1600 trash compactors. These units will also
include a separate container for recyclable materials.

The Big Belly Solar Compactor is the world’s only system that provides wireless
on-site solar compaction of solid waste while also providing a separate container
tor recyclable materials. The combination of recycling units with the Solar

Compactor provides significant economic, environmental and educational
benefits.

BigBelly uses solar power to compact trash at the point of disposal increasing
capacity and reducing operational costs. By reducing costs associated with

trucks, fuel and labor, BigBelly reduces green house gas and other harmful
emissions.

Streets and Sanitation will be able to redeploy sanitation workers to other areas
of the City as we will not have to pick up trash as frequently. The City may also
be able to generate revenue on these units through advertisements which will help
to offset the cost to procure the compactors.

BigBelly holds the patent on this type of compactor and therefore there are no

other companies that provide these units. Patent numbers are 7,124,680 and
7,481,159,

BigBelly Solar is fully committed to the City’s MBE/WBE program.
[f you have any questions, please contact Lisa Clark 744-4667.

ce: Richardson, Bobby
Gustavo Giraldo
Terry Glavin
James Crocker
File




Procurement History:

1.

First meeting was in 2007, with representative of the Mayor's Office and the
Department of Street and Sanitation.

6 Units were purchased by Streets and Sanitation in 2007, to use as a tnial.
We have held Several Discussions/Meetings since.

In addition, 42 Units purchased by SSAs directly for use on City Streets out side
the Central Business District.

This will be a real first time purchase. The plan is to purchase approximately
1600 units fro the Central business district to reduce garbage pick up trips and
place additional labor

We have not tried to competitively bid this product. However, both Streets and
Sanitation and the Department of Procurement services have contract

Philadelphia, and Boston to see if there are other vendors. Both Cities have
stated there are none.

This should be a one time request.

Other competitive bidding may be possible in the future if another company
decides to make a similar product

Estimated Cost:

1.

$6580 Each (Proposal price minus Cleaning Service) including compactor,
recycler, ad panels, wireless capability, wireless communication for ten years, full
warranty for five years, limited warranty for ten years.

1600 Unit Total Cost of $10,528,000 or lower.

Current MSRP for BigBelly Kiosk (Solar Compactor and Recycler Unit), Two Side
Ad Panels, Back Ad Panel, Warranty, Clean Hardware and 10 Years of
Communication Fees.

Substantial amounts have been invested in design, development and patents.
BigBelly Solar would consider another source to manufacturer product under
BigBelly Solar name and terms.

Measurable Benefits:



Based on outright purchase of 1600 units and new unit cost of $6580:

-2.0 Man Crew: $26.9M ($16.4M after Purchase) cash savings in waste
collection over 10 Year Period of time or 33,280 Annual Labor Hours Freed up.
-2.5 Man Crew: $31.7M Saving ($21.2M after Purchase) cash savings in waste
collection over 10 Year Period of time or 41,600 Annual Labor Hours Freed up.
-Plus 5,824 Annual Hours Freed up from Pickup Truck crews.

Estimated CO2 Emission Reductions; Approximately 1,000 tons annually.

Estimated additional CO2 Emission Reduction from increased/implemented
Recycling: TBA

(Financial benefits are conservative because they are based on today’s numbers
and do not include cost of living increase, fuel surcharges, fleet replacement,

streamlining from CLEAN system, etc...and do not account for any revenue
eamed from Ad panels)

Pricing is based on MSRP and the system allows for substantial saving or freed
up labor hours.

Schedule Requirements:

1.

2.

No. Drawings do not apply. Thisis a product that was a simple installation.

Competitive biding would not impact City operations. The product would take
longer to procure and therefore not be used until then.

Exclusive or Unique Capability:

1.

2.

Does not apply

No,

This is the only firm that sells this line of products.

The unique ability of this davice to compact trash at the site of the can on the
street allows the Department of Streets and Sanitation to considerably reduce the
number of sanitation crews picking up this trash. There is also a receptacle for
recyclable materials, with the city does not provide on the arterial streets.



6. BigBelly Solar has proprietary software called CLEAN that is made specifically
for the Solar Compactor they manufacture. BigBelly Solar is the only
manufacture of as street level solar compactor and the only company that can
support the sale the CLEAN programming for their compaction system. The
compactors, recyclers and wireless software form a comprehensive collections
system that unique to BigBelly Solar and patent-protected.

7. Software for system is proprietary and the equipment Patent Numbers are
7,124,680 & 7,481,159.

8. The City intends to enter into a 10 year warranty with the manufacture for these
prod at will address the repl i

MBE/WBE Compliance Plan: BigBelly Solar will be using a Minority Owned company
(CEG - Crowley Engineering Group) and Woman Owned Company (ULL Inc.) to handle
the majority of their after-sale parts and services in the Chicago-land area.

Other
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United States Patent: 7124680 Page 1 ot'12

USPTO PATENT FULL-TEXT AND IMAGE DATABASE

Home H Quick “Advanced”PatNumH Help ]

'View Cart“ﬂdd to Cart}

Imaqges
(lof1)
United States Patent | 7,124,680
Poss, etal. October 24,2006
Solar powered compaction apparatus
Abstract

A trash compactor designed for public use is powered by a photovoltaic cell array. This allows the trash
compactor to be placed in locations where no power is available, but with frequent human traffic. The
compaction feature allows the unit to be emptied less often than a typical trash container. The trash
compactor can include a storage system to store power for compaction cycles. A removable bin allows
casy removal of the compacted trash. The removable bin can include multiple chambers for different
trash types.

[nventors: Poss; James (Somerville, MA), Satwicz; Jeffrey (Auburndale, MA), Richmond; Bret
(Needham, MA), Taylor; Mikell (Needham, MA)

Assignee: Seahorse Power Company (Needham, MA)

Appl. No.: 10/864,566

Filed: June 9, 2004

Related U.S. Patent Documents

Application Number Filing Date Patent Number Issue Date
60476832 Jun., 2003
Current U.S. Class: 100/229A ; 100/193; 100/221; 100/233; 100/237; 100/345;
100/48; 100/99
Current International Class: B30B 9/30 (20060101); B30B 15/14 (20060101)

Field of Search: 100/49,99,214,215,102,137,193,221,229A,233,237,345 48

References Cited [Referenced By]

U.S. Patent Documents

http://pattt.uspto.gov/netacgi/nph-Parser?Sect] =PTO2&Sect2=HITOFF &p=1&u=%2Fnet... 1/11/2010
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5690025
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6000323
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6626093
6739732
0863827

2002015610

April 1979

February 1980
May 1989

June 1993

May 1995
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February 1998
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December 1999
April 2002
April 2003
September 2003
May 2004
March 2005

Foreign Patent Documents
Jan., 2002

Primary Examiner: Larson; Lowell A.
Assistant Examiner: Nguyen; Jimmy T.
Attorney, Agent or Firm: Lowry; David D. Saunders; Thomas M. Brown Rudnick Berlack Israels LLP

RELATED APPLICATION

Parent Case Text

Page 2 ot'12

Dykstra
Chrablow
Stamps, Jr.
Carson
Menoud
Hawkins
Fitzgerald et al.
Fitzgerald et al.
Ragot

Schlegel
Gawley et al.
Sargent et al.
Van Der Touw et al.
Tseng
Saraceno

JP

The present application claims the benefit of U.S. Provisional Application No. 60/476,832 filed on Jun.
9, 2003, which is incorporated herein by reference.

What is claimed is:

Claims

1. A storage container comprising: an enclosure; a photovoltaic panel located on an upper exterior
surface of said enclosure, said photovoltaic panel positioned to be exposed to sunlight, to convert said
received sunlight into electric power; a storage battery, located within said enclosure and electrically
connected to said photovoltaic panel; a controlling component, electrically connected to said storage
battery, said controlling component to monitor and control compactions performed by said storage
container, wherein said controlling component will skip a compaction cycle when said storage battery is
undercharged until an adequate charge has been attained; a compaction ram, located within said
enclosure, said compaction ram positioned to travel along a preset path within said enclosure; a driving
mechanism located within said enclosure and electrically connected to said controlling component,
wherein said driving mechanism is coupled to said compaction ram, said driving mechanism to use
electric power from said storage battery to move said compaction ram along said preset path within said

http://patft.uspto.gov/netacgi/nph-Parser?Sect|=PTO2&Sect2=HITOFF &p=1&u=%2Fnet... 1/11/2010



United States Patent: 7124680 Page 3 ot 12

enclosure; and an access door, located on said enclosure, said access door to allow user access within
said enclosure; wherein items introduced into said enclosure by said access door settle into a removable
bin, and wherein when said compaction ram travels along said preset path within said enclosure, said
compaction ram compresses said items within said removable bin, and said compaction ram travels
within at least a part of said removable bin.

2. The storage container of claim 1, wherein said compaction ram is outside of said removable bin at one
end of said preset path.

3. The storage container of claim 1 wherein said removable bin includes wheels attached at a lower
portion.

4. The storage container of claim 1 wherein said driving mechanism is disabled when said access door is
open.

5. The storage container of claim 1 further including: a signaling mechanism, to provide an indication
that said enclosure is substantially full of items.

6. The storage container of claim 1 further including: a signaling mechanism, to provide an indication
that said enclosure is failing to operate properly.

7. The storage container of claim 1 wherein said removable bin includes multiple chambers.

8. The storage container of claim 7 wherein said compaction ram travels simultaneously within all of
said multiple chambers.

9. A solar powered trash compactor comprising: an enclosure; a photovoltaic panel located on an angled
upper exterior surface of said enclosure, said photovoltaic panel positioned to be exposed to sunlight, to
convert said received sunlight into electric power; a storage battery, located within said enclosure and
electrically connected to said photovoltaic panel; a controlling component, electrically connected to said
storage battery, to monitor and control compactions, wherein said controlling component will skip a
compaction cycle when said storage battery is undercharged until an adequate charge has been attained;
an electric motor located within said enclosure and electrically connected to said controlling component,
said electric motor connected to a chain drive mechanism, said chain drive mechanism also connected to
a compaction ram, wherein said compaction ram, when moved by said chain drive mechanism, moves
along a preset path within said enclosure; a removable bin, located within said enclosure, wherein items
introduced into said enclosure by an access door settle into said removable bin, said removable bin
positioned within said enclosure so that when said compaction ram travels along said preset path within
said enclosure, said compaction ram travels within at least a part of said removable bin and compresses
items within said removable bin; and a removable bin access door, located on said enclosure, to allow
insertion and removal of said removable bin from said enclosure.

10. The storage container of claim 1, wherein said controlling component receives signals from a
photoelectric sensor, providing an indication that said removable bin is full of items.

1'1. The solar trash compactor of claim 9, wherein said controlling component receives signals from a
photoelectric sensor, providing an indication that said removable bin is full of items.

Description

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF&p=1&u=%2Fnet... 1/11/2010
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FIELD OF THE INVENTION

This invention is directed towards compactors for crushing trash or recyclables, and more particularly to
an apparatus and method for solar-powered waste compaction.

BACKGROUND

Garbage cans and trash receptacles are important items at any location where there are people, to avoid
the people having to carry trash with them or worse, simply littering. Many public areas such as outdoor
recreation facilities provide trash cans at many locations, and most visitors are quite receptive to using
such trash cans, provided that they are convenient and accessible.

However, trash cans often quickly fill up and require periodic emptying by maintenance personnel.
Larger trash cans provide more capacity, but they still fill up and result in larger bulky unwieldy loads
when they're emptied. For any size, trash cans that are remote are more difficult to empty, and require
that personnel spend time and equipment traveling, emptying and hauling from the remote locations.
Also, in urban locations and other high traffic areas, sanitation personnel must spend significant
amounts of time and cost to remove trash and recyclables often several times daily, and urban areas
often have space constraints on trash-bin size.

As is well known, typical trash is fairly bulky and is capable of being compacted down to smaller sizes.
Most trash collection trucks utilize hydraulic compactors to increase their capacity. '

Compaction on-site can save money and help to conserve fuel by reducing collection frequency, and
thus vehicle travel time. Prior art trash and recyclables compactors characteristically require high-
voltage, AC electricity, and are almost ubiquitously connected to the electricity grid. This limits the
location of such trash compactors. Others have a fuel tank associated with them, such as with
compaction mechanisms onboard garbage trucks or certain compactors that use diesel generators to
provide power for compaction rams. These gas or diesel systems produce great noise and pollution as
they operate. Thus, prior art trash compactors are characteristically confined to areas where electrical
connections are feasible and cost-effective, or where there is a fossil fuel power source.

There is a need for powered compaction in remote settings and high-traffic areas, that will allow people
to conveniently dispose of trash or recyclables, but allow much less frequent emptying service from
maintenance personnel.

SUMMARY

The present invention uses the novel approach of using solar energy to compact trash and recyclables.
Solar energy is a clean source of power, and also it enables compaction of waste in remote locations
where other forms of power are impractical and uneconomical. Often, it is impractical and uneconomical
to connect grid power to a compactor located even at a relatively close distance to an electricity source,
for example, across a parking lot from a retail establishment.

This invention provides a low cost device and method for compacting trash and recyclables using stored
photovoltaic energy. The device is formed to efficiently collect solar energy, efficiently store said
energy and as needed, use the stored energy to compact trash or recyclables. The solar collector typically
is a photovoltaic (PV) apparatus which is connected to a storage device, such as a battery, capacitor or
fuel cell. Mechanical means of energy storage may include springs, pneumatic and hydraulic pressure.
The apparatus uses stored energy to intermittently compact trash or recyclables. In another embodiment,

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO2&Sect2=HITOFF &p=1&u=%2Fnet... 1/11/2010
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the device supplies AC electricity to an AC-powered compaction mechanism by changing DC power
from the PV array into AC electricity by means of an inverter. In a separate embodiment, the device
supplies pressurized hydraulic fluid to a compaction ram that is actuated by hydraulic pressure.

In an illustrative embodiment, the electronics of the receptacle are enclosed in two compartments
adjacent to the compaction area. This compartment is not accessible from the outside, to prevent
tampering and/or user injury. Another feature to prevent user or operator injury is a battery disengage,
which will prevent compaction-ram movement when either compartment door is open and will provide
access to electronics or the compaction chamber. This works because the lock is coupled with a
contactor switch, so whenever a door is open, the contactor switch is open as well. The battery and
clectronics compartments are also sealed from water to protect the enclosed electronics from the
clements, and the battery compartment is vented separately from the electronics and motor
compartments to allow for hydrogen gas to escape safely, as the flammable gas can be produced during
charging of many types of batteries. The PV array is protected from weather and vandalism by a
covering constructed typically of durable plastic and a metal grate. The battery is stored at the bottom of
the compartment, in order to lower the center of gravity of the receptacle, and prevent tipping, while the
hydrogen vent is located above the battery chamber to allow hydrogen gas to rise and escape the
chamber without coming into contact with sparks from the motor or electronics compartments. At the
bottom of this compartment is the motor, which is connected to the reduction gearbox and drive chains.

The waste insertion door is locked shut during a compaction cycle or is constructed to block from user
intrusion into compaction chamber. This safety measure eliminates the possibility of a user being injured
by the compaction ram. In the illustrative embodiment, this use lockout is passive and does not require
energy to operate. Similar contraptions are seen on mailboxes, and prevent the user from access to the
inner chamber of the device. Other safety measures include a locking mechanism on the access door to
the waste bin to prohibit the general public from removing the waste. Only waste management personnel
can access the waste chamber and electronics chamber. An access door is hingedly attached to allow the
sanitation personnel to have unimpeded access to the waste bin.

Another embodiment can incorporate several compaction rams and/or compaction chambers, allowing
for separation and compaction of different recyclable materials. It may also include mechanisms such as
paper or plastic shredders, and bottle or can crushers, to more effectively reduce the volume of many
materials. Since such an embodiment can be constructed to have multiple compaction chambers, the
overall weight of each collection bin can be reduced, which will reduce worker injury associated with
heavy loads.

Another embodiment of the present invention allows monitoring of the trash level in the compaction
chamber. By monitoring the level of trash or recyclables in the chamber, a wireless communication
mechanism can relay this information to the sanitation personnel so that unneeded visits are avoided.
Communication may be relayed with a wireless transmitter or by a physical indicator, such as an
indicator lamp. This further saves time and money by allowing the maintenance personnel to schedule
collections according to demand.

Another embodiment of the present invention is constructed to be easily moved by virtue of a towing
apparatus that enables many devices and/or compaction bins to be connected to each other, so that a
single vehicle can tow many devices at once. This works much like luggage carts at the airport. This
unique method of trash removal also helps to reduce worker injuries associated with carrying heavy
loads.

Advantages of the present invention include a trash or recyclable collector which can be located in
remote places that don't have access to AC power, and also require many fewer maintenance visits for
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cmptying, while reducing litter.

Another advantage of the present invention is that it is optimized to work more often during times of
most usage. Peoples’ use of the device will occur most often during daylight hours, and therefore the unit
has power from daylight as needed to perform compaction. Further, since more people are active
outdoors during sunny days, the present invention is optimized to meet increased usage with increased
compaction cycles.

Another advantage of the present invention is that the collection bins which handle dense, heavy waste,
are positioned on a wheeled cart, reducing heavy lifting by sanitation personnel. Since waste is packed
into two or more compartments, each load is made lighter, further reducing the strain for workers of
lifting loads.

Another advantage of the present invention is that the system is animal-proof, for everything from
insects to bears. Access to the contents is blocked by doors and circuitous paths. Odor which is
objectionable and which also can attract critters is reduced by the design.

Another advantage of the present invention is that it allows bin capacity information to be relayed
wirelessly, helping to avoid wasted trips and time. Real-time information provides an advantage over
traditional reactionary scheduling methods. Real-time information will enable significant improvements
in routing and scheduling techniques, and can be reduced to software to automate and optimize waste
collection scheduling and routing decisions.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the present invention will be more fully understood
from the following detailed description of illustrative embodiments, taken in conjunction with the
accompanying drawings in which:

FIG. 1 illustrates a compaction ram and compaction chambers according to the present invention;

FIG. 2 shows an illustrative embodiment of the present invention;

FIG. 3 is a perspective view of a second illustrative embodiment according to the present invention;
FIG. 4 is a side sectional view of the illustrative embodiment of FIG. 3;

FIG. 5 is a top sectional view of the illustrative embodiment of FIG. 3;

FIG. 6 is a block diagram of a control system for an illustrative embodiment;

F1G. 7 is a block diagram of an alternative control system supplying hydraulic fluid;

FIG. 8 1s a schematic of electronics according to one embodiment; and

FIG. 9 is a schematic of an alternative control system providing AC power.

DETAILED DESCRIPTION

The present invention is directed towards a waste collection receptacle with integrated solar compaction
mechanism for public use. The generally rectangular metal unit has a solar panel on the top to attract
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maximum sunlight. The unit typically resembles waste receptacles currently in use, with respect to
acsthetics, usage and size.

FIG. 1 provides a perspective view detailing the compacting ram 24, chain drive sprockets 22, ram guide
track 21, and compaction chambers 20, showing the relationship between the compaction mechanism
and the compaction chambers, according to the present invention. The compaction chambers 20 can
include a handle and wheels 26 for easy removal.

A solar-compaction system according to the present invention is shown in FIG. 2, illustrating the
orientation of the components of the outer container 28, as well as showing a position of a hinged waste
removal door 30, and a trash insertion door 34. A photovoltaic (PV) cell array 32 is mounted on top of
the unit, covering much of it. In one embodiment, cells 32 produce enough power for the average
number of 15 compaction cycles per day, and the battery 36, shown in FIG. 4, has enough energy
storage to provide for usage through weeks of intermittent sunlight. The cells are wired to the energy
storage system, which stores power to drive the compaction. Status indicator lamps 60, FIGS. 2 and 6,
provide visual means of displaying information such as a system malfunction or to indicate the level of
bin capacity used and available. A trash insertion door 34 acts to prevent user injury because it locks out
the user from the trash compaction area.

More details are provided with the illustrative embodiment shown in FIGS. 3 and 4. The Photovoltaic
(PV) array 32 is positioned on top of the device for maximum sunlight exposure. The PV array 32 may
also be placed on other sides of the device to increase exposure to the sun when the sun is lower on the
horizon. The PV array 32 may be optimally placed on an angle to prevent it from being covered by snow
or debris. Further, the angle may be used to increase sunlight exposure based on azimuth of the sun
across the sky. For example a PV array can be arranged to receive the most southern exposure during the
day. Alternatively, the PV array 32 may be pivotally mounted and powered in order to rotate and track
maximum sunlight exposure. Although the PV array 32 is shown attached to the unit, the PV array may
also be separately located from the device and electrically connected. The PV array may alternatively be
located inside the outer cover 28, and the outer cover may be constructed to allow sunlight into the
protected area where the PV resides. The PV array may otherwise be mounted in a location on or outside
the outer container accessible by light via a retlective surface such as a mirror, and inaccessible by
vandals, negligent operators and animals.

The compaction ram 24 is shown in the resting position above the compaction chambers 20, FIG. 4. The
illustrated embodiment includes a two sided ram to improve compaction capability and to facilitate
removal by decreasing weight of each load, FIG. 5. The chain drive sprocket 22, upon rotating, drives
chain 42 forward, driving the attached compaction ram 24 down, compacting the load. Alternatively the
compaction ram 24 may move up or sideways, depending on the design of the system. The removable
bin 20 includes a handle and wheels to roll smoothly in and out of the outer container 28.

The storage battery 36 is located preferably at a low point in the container to provide stability. The
storage battery or batteries 36 can be upsized or downsized for different climates, compaction demands,
or for or auxiliary functions, such as providing usable AC electricity through an inverter. The battery or
batteries may also be stored separately from the container. The electronics compartments are preferably
located in a weather-proof area 37 of the container. Electronic components can include a motor
controller, battery charging controller, user interface, and sensors, as will be described below. The
access door 38 to the electronics area 37 is key-lockable. When unlocked, the battery 36 will preferably
be automatically disengaged.

In the illustrative embodiment, a deep cycle battery 36 is employed to drive a DC motor 40, FIG. 5. The
motor 40 drives a chain 42, which rotates sprockets rigidly connected to the unit 22, and which transmits
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the crushing torce to the compaction ram 24. Alternatively, the motor 40 may provide power to the
chain drive 22 through a drive shaft and gears, including reduction gears, or one or more motors 40 may
be directly attached to the chain drive 22, or the motor or motors may be connected via reduction gears
to chains or lead screws, which control the position of the compaction ram. Alternatively, a hydraulic
piston may be used to move the compaction ram. In this embodiment, the motor is used to drive a fluid
pump, which supplies pressure to the hydraulic cylinders to move the ram.

A control apparatus for the illustrative embodiment is shown in FIG. 6. The motor controller 44 is a
central microprocessor which manages all operations, detects all inputs and provides outputs for running
the device. It controls power to the motor 40 by relays or contactors 58, FIG. 6 (mechanical or solid-
state) or other switching means. A photo-eye 46 is located above the compaction chamber 20, FIG. 4,
and 1s actuated when trash blocks the light rays between this photo-eye sensor and a reflector on the
opposite side of the channel above the compaction chamber. The photo-eye signals the programmable
logic controller (PLC) 44 when trash blocks the light beam for a measured amount of time, indicating
that trash is located in the channe] above the compaction chamber, and should be compacted. Other
sensors may be used to detect the level of trash, including for example pressure sensors, micro switches,
scales etc.

Pressure sensors 48, FIG. 6, are located above and below the compaction ram 24 and are actuated when
the compaction ram has reached the end of its downward and then upward cycle. The sensors provide
input to the motor controller PLC 44. The motor controller 44 can also receive input from the motor 40
that signals that the compaction ram 24 has reached the bottom of its downward cycle by means of a
centrifugal switch on the motor 40 or a current sensor 49 in the motor controller 44 which detects motor
current, or other type of sensor. When the motor 40 has reached the bottom of its cycle (or jams), it will
stop due to the upward force on the ram from the compacted trash, or due to irregular forces that cause
the ram to jam. At this point, the motor will stall, and a centrifugal switch sends a signal to the motor
controller 44 to stop or reverse the direction of the motor 40, or the current sensor 49 (programmed
current limit) linked to the motor controller 44 senses high current in the stalled motor, and will reverse
the cycle, returning the compaction ram 24 to the top of its cycle. Otherwise, the motor 40 may be
stopped by use of a manual kill switch 56, or activated by a manual actuator 57. In this illustrative
embodiment, the current sensor is linked to a timer 50 through the PLC 44, which will allow the motor
controller to gauge the travel distance of the compaction ram before motor stall, and thus measure the
degree of "fullness" in the trash bins. In the illustrative embodiment, the maximum load is reached when
the 12V motor reaches 40 Amps. If this current limit is reached within 10 seconds, then the controller
will gauge that the compaction chamber is 1/2 full. If the current limit is reached within 5 seconds, then
the controller will gauge that the compaction bin is full. Another method of indicating "fullness" is
sensing ram travel with a rotational encoder located on the drive shaft. The PLC 44 senses conditions
and then indicates status through a wireless data transmitter 66, and through status indicator lamps 60.

In this embodiment, the projected PV array output is 50 Watts Peak, and will generate, on average, 150
Watt-hours of energy per day, given an average of 3 hours of full sunlight available per day. Sunlight
energy is collected in the PV Array 32, FIG. 6, and is converted by the charge controller 33, into a useful
battery charging current and voltage. Battery reserve will be approximately 600 Watt-hours, and each
cycle will use approximately 3 Watt-hours. Thus, the energy reserve in the illustrative embodiment is
enough to run up to 200 compaction cycles. The controller will be programmed to permit compaction
cycles such that battery over-discharge and thus battery damage is avoided. Since many electrical
components are popular in 24 volt configurations and most PV arrays are available in 12 volt charging
configurations, it may be economically advantageous to provide for 12 volt battery charging and 24 volt
systems operations. This may be accomplished through the use of a relay and contactor switch, which
will change the system voltage from 12 volts to 24 volts each time a compaction cycle is initiated.
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In another embodiment which does not use an embedded microprocessor, the switching and control is
performed using solid-state electronics, as shown in FIG. 8. The cycle is triggered by a "Start" signal,
shown as a key switch 54, however other devices may be used, including a pushbutton, photoelectric
sensor, weight sensor etc. When the cycle begins, the motor will turn on and latch into the

"forward" (down) mode. A lamp will turn on, indicating that a cycle is taking place. If the bin is not full,
the compaction ram will actuate the lower pressure sensor 48, which will then turn the status lamp 60
off. If the bin is full (pressure sensor or limit switch is not actuated), the lamp will remain on after
machine cycle is done, alerting sanitation statf that collection is needed.

The motor will run in forward until either lower limit switch or pressure switch is reached, or until a
timeout occurs. A timeout will occur if the amount of trash prevents the ram from reaching the bottom in
the time allotted for a normal downward cycle. When the ram stalls, a clutch 47 will disengage the
motor, allowing the motor to spin at no-load. Motor will spin at no-load until timeout occurs and motor
is reversed. When motor reverses, clutch will automatically re-engage.

Upon hitting the lower limit switch or reaching a timeout, motor will stop for a preset time delay, then
will reverse. The motor will run in reverse until the upper limit switch is actuated. When the upper limit
switch 48 is reached, the motor stops and a new timer begins. A start signal will be ignored until this
timer is finished. Once the cycle delay timer is done, the system is reset and ready for a new start signal.

The system includes a separate safety interlock switch 49 on the access door for emptying the bin. This
switch disengages the power supply from all the control elements when the access door to the
compaction area is open (this switch also resets the "bin full" lamp).

In another embodiment shown in FIG. 9, the motor controller 44 outputs AC power to an AC motor,
allowing the same invention to power AC compaction mechanisms. The motor controller 44 includes a
power inverter 55 (including either a pure sine wave or moditied sine wave) to provide alternating
current power for an AC motor. This is advantageous because many of the existing compactors in the
field use AC power. Thus, the present invention, as shown in this embodiment, can power a traditional
compactor with solar power and embedded control logic. Further, the present invention can include an
clectrical power outlet accessible from outside of the enclosure.

Yet another embodiment of a controlling system is shown in FIG. 7. In this embodiment, the device uses
a hydraulic pump 51 to pressurize hydraulic fluid from a tank 53, allowing the same invention to power
a compaction mechanism that utilizes hydraulic fluid pressure cylinders to move the compaction ram.
This is advantageous because many of the existing compactors are hydraulic, and require a hydraulic
pump that is powered by AC electric power or internal combustion engine. The present invention, as
shown in this embodiment, can power a traditional compactor with solar power and embedded control
logic and a DC motor. This can save money and setup time, and allow compaction with various types of
mechanisms to be used in remote locations not currently economically serviced by common electricity
lines or with current compaction methods. Alternative systems may be used, and are within the scope of
the present invention. For example, a pneumatic pump can be used to inflate a bladder inside the
compaction chamber 20, thereby compacting the trash without requiring a compacting ram and chain
drive system.

A feature of the illustrative embodiment is that the motor controller 44, when in charging mode, can act
as a maximum power tracker, regulating the charging of the battery from the PV array. The power
tracker has the ability to vary the level of voltage and amperage based on the characteristics ot the PV
array, the sunlight level and the battery condition. The power tracker has the ability to balance off
current and voltage to optimize battery 36 charging. The motor controller 44 has the ability to optimize
the charging regimen of the batteries 36, by tracking the level of photovoltaic energy available and the
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battery charge. When the battery 36 is fully discharged, the controller 44 will provide low voltage and
high amperage. When the battery 36 is almost completely charged, the controller 44 will provide a
higher voltage and lower current. When the battery is fully charged, the controller will not provide any
charge to the battery 36, or will simply provide a trickle charge. Conversely, when the battery 36 is
undercharged, the controller 44 may delay or skip a compaction cycle until adequate charge has been
attained. This serves to save battery life and prevent failure. Because of the ability for the controller 44
to optimize charging regimen and control the motor, it serves a dual purpose.

Typically the duty cycle of the compaction apparatus is higher during peak traffic hours. For example,
during lunch time, there will be more waste discarded into the device. This duty cycle can be controlled
by a timer, or by a photo-eye as described above. The preferred method is to use the photo-eye because
it will optimize compaction cycle to meet the demand for compaction. This allows for maximum charge
time between needed compactions, and minimizes noise (if any) and down time due to the compaction
cycle. This duty cycle is typically determined by low power timing circuitry contained in the receptacle.
It is modifiable on the unit, or is programmable by means of a wireless communication device or by
electrical connection between the programming device (i.e. computer) and the PLC 44. The motor
controller 44 can also include data logging features, to allow compaction cycle history to be stored for
later analysis.

A battery disconnect is attached to one or both of the battery supply cables. When either the trash bin
removal door or the electronics door is opened, the battery is automatically disconnected, to prevent

injury.

Table 1 provides specifications for a prototype system in accordance with one embodiment of the
present invention.

TABLE-US-00001 TABLE 1 Physical Specs of Unit Size of Ram Width 8.00 Inches Length 12.50
Inches Number of Rams 2 Weight 20.00 Pounds Size of Compartment Height of bin 24.00 inches
Length of bin 19.50 inches Width of bin 10.50 inches plunge of ram 8.00 inches height of ram 10.00
inches Volume of Bin 42.54 gallons Volume available after compaction 15.79 gallons Worst case
volume after compaction 7.89 gallons Compaction ratio 4:1 Volume of raw trash collected 107.17
gallons Best Case number of compactions 8.08 per fill Worst case number of compactions 16.17 per fill
Desired Pressure Chain Drive Diameter of Drive Sprocket 3.00 inches Length of Ram/Chain Travel
18.00 inches Compaction Time 30.00 seconds Desired Pressure 10.00 PSI Compacting Force 2000.00
pounds Motor Specs Horsepower 0.50 HP RPM 1800.00 RPM Voltage 12.00 volts Max Amps 39.00
amps Power Numbers RPM at Chain drive 8.00 RPM Torque 3983 HP Cycle Time 30 Seconds Power
Consumption Losses Drive Mechanism 80.00 percent Chain Drive 80.00 percent Energy Consumption
per compact Energy of compaction stroke 1.41 W * hrs Energy of retraction stroke 0.94 W * hrs Energy
Needed per cycle 2.35 W * hrs Energy Needed per cycle w/losses 3.36 W * hrs Compactions Needed
Compactions per day in High Volume Use 12.13 Energy Used per day 40.77 W * hr Battery Voltage
12.00 Volts Amp * hours 55.00 Ah Watt * hours 660.00 W * hr Average Temperature (Min) 14.00 Deg
F. Efficiency Due to Temp (round trip) 60.00 Percent Actual Energy per battery 396.00 W * hr Days of
Compacting w/o charge 9.71 Days Days to completely recharge 10.30 Days Photovoltaic Number of
Cells 35.00 Cells Area of PV 560.00 Square Inches (4" .times. 4" cell) PV Specs Energy from Sun 0.66
W/in{circumflex over ( )}2 PV efficiency 15.00 Percent efficient (14 22%) Peak wattage of PV 55.44
Peak watts Power from Cell 0.10 W/in{circumtlex over ( )}2 Capacity factor (avg sun) 70.00 percent
Hours at avg capacity 3.00 hours Energy Collected per day 116.42 W * hr Adjusted available energy
52.39 W * hr

The container may include drainage holes near the bottom to allow liquids in the trash to drain from the
unit, to allow increased compaction of the remaining trash. An additional feature for cold weather
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locations includes a heating element to warm up the trash, thereby thawing any frozen liquids to allow
them to drain. Further, many materials such as plastic are easier to compress at a higher temperature, so
by heating the contents to the present invention can increase compaction etficiency. The heating element
may be controlled so that it is only activated when the battery 36 is near full charge. Further, heating
clements may be placed above, beneath or within the PV array, in order to melt snow or ice that is
covering the PV array. In warmer climates, a shallow drainage basin may be used to facilitate
evaporation of liquids. Sensors can detect moisture, temperature, or a lack of light reaching the PV array
and activate the snow melting heating elements, or may initiate fans to evaporate liquids in the drainage
basin.

Another embodiment of the present invention includes using two or more similar bins for trash storage,
for the purpose of separating recyclable materials and to reduce the weight and volume of each bin,
reducing the chance of worker injury, and enabling the use of smaller, more standardized garbage bags.

The container may include mounting clips on the exterior to allow advertisement placards to be placed
on the outside of the containers. Other features include wired or wireless communications equipment
installed with the container. Radio signals may be transmitted by the container when it is full and no
more compaction is possible, or if the unit is broken or being vandalized. Further, the container can
report on conditions including battery charge, cycle counts etc. The container can also receive signals,
including commands to immediately perform compaction cycles or to change cycle timing, etc. The
containers may also report conditions by indicator lights which may indicate if the unit is full or
malfunctioning. Such indicator lights allow the containers to be inspected from a distance (such as
through binoculars) to allow service personnel to determine whether it is necessary to make a service
trip to the container.

It is possible to have two or more containers for trash storage, for the purpose of separating recyclable
materials and to reduce the weight and volume of each bin, reducing the chance of worker injury, and
enabling the use of smaller, more standardized garbage bags. The containers may have separate access
ports to allow people to sort and place different types of items into different containers. For example,
one container could have paper products while others have cans. Such a device according to the present
invention could then compact the contents each internal container separately (using individual
compaction rams or one compaction ram which the containers are mechanically shifted to), or all at once
using one large compaction ram 24 that spans all the containers. Alternatively, each container may have
various types of crushers or shredders suited for each type of material. If different compaction rams are
used for each internal container, then the device could compact only the containers that were full.
Further, since different materials have different compacting characteristics (for example, crumpled paper
compresses much easier than metal cans), the compacting mechanism size, shape, force, method and
cycle duration can be optimized for a particular type of material.

Although solar power is disclosed as a source of power for the present invention, other sources of power
are within the scope of the invention. This includes windmill or waterwheel generators located
proximate the container, or located at an optimal location for collecting power. Alternatively, a
generator with a hand or foot crank may be positioned with the container, with instructions inviting
users of the trash container to crank the handle or pedal several times to help store energy to compact
their trash. For such generators, whether by windmill, waterwheel or human, alternative energy
generation means and energy storage means may be used, for example pumping air into a pressure tank
for driving a pneumatic motor, winding up a spring mechanism, or a pulley system to raise a very heavy
compaction ram, which then compacts the trash by its own weight.

Although the invention has been shown and described with respect to illustrative embodiments thereof,
various other changes, omissions and additions in the form and detail thereof may be made therein
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without departing from the spirit and scope of the invention.
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Abstract

A trash compactor designed for public use is powered by a photovoltaic cell array. This allows the trash
compactor to be placed in locations where no power is available, but with frequent human traffic. The
compaction feature allows the unit to be emptied less often than a typical trash container. The trash
compactor can include a storage system to store power for compaction cycles. A removable bin allows
casy removal of the compacted trash. The removable bin can include multiple chambers for different
trash types.
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RELATED APPLICATION

This application is a continuation-in-part of U.S. Utility application Ser. No. 10/864,566, filed on Jun. 9,
2004, (now U.S. Pat. No. 7,124,680), which claims the benefit of Provisional Application No.
60/476,832, filed on Jun. 9, 2003.

Claims

The invention claimed is:

1. A storage container comprising: an enclosure; a photovoltaic panel located on an upper exterior
surface of said enclosure, said photovoltaic panel positioned to be exposed to sunlight, to convert said
received sunlight into electric power; a storage battery, electrically connected to said photovoltaic panel;
a motor controller having a controlling component electrically connected to said storage battery, said
controlling component to monitor and control compactions performed by said storage container, wherein
said controlling component is configured to skip a compaction cycle when said storage battery is
undercharged until an adequate charge has been attained, said motor is a central microprocessor; a
compaction ram, located within said enclosure, said compaction ram positioned to travel along a preset
path within said enclosure; a driving mechanism located within said enclosure and electrically connected
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to said controlling component, wherein said driving mechanism is coupled to said compaction ram, said
driving mechanism to use electric power from said storage battery to move said compaction ram along
said preset path within said enclosure; and an access door, located on said enclosure, said access door to
allow user access within said enclosure; wherein items introduced into said enclosure by said access
door settle into at least one bin, and wherein when said compaction ram travels along said preset path
within said enclosure, said compaction ram compresses said items within said at least one bin, and said
compaction ram travels within at least a part of said at least one bin.

2. The storage container of claim 1, wherein said at least one bin includes a handle to allow removal of
said bin.

3. The storage container of claim 1 wherein said controlling component is programmed to engage an
actuator to lock said access door.

4. The storage container of claim 1 further comprising: at least one electrical contact said at least one
electrical contact providing an electronic coupling from a first storage container to a second storage

container.

5. The storage container of claim 1 wherein said driving mechanism further comprises a variable speed
transmission.

6. The storage container of claim 1 further comprising an accelerometer affixed to said storage
container. ‘

7. The storage container of claim 1 further comprising a tracking system.

8. The storage container of claim 1 further comprising at least one perforator disposed between said
access door and said at least one bin, said perforator operatively coupled to said driving mechanism.

9. The storage container of claim 8, wherein said at least one bin comprises a plurality of bins and said
storage container further comprises a diversion mechanism, said diversion mechanism directing said

items introduced into said enclosure into each of said plurality of bins.

10. The storage container of claim 8 further comprising a protective labyrinth, said protective labyrinth
disposed between said access door and said at least one perforator.

I'1. The storage container of claim 1 further comprising an animal-resistant latch operatively attached to
said access door.

12. The storage container of claim 1 wherein said access door is coated with an anti-stick material.
13. The storage container of claim 1 wherein said photovoltaic panel is placed between layers of foam.
14. The storage container of claim 1 wherein said photovoltaic panel is covered by a protective coating.

I5. The storage container of claim 1 wherein said photovoltaic panel and a footprint of said storage
container have substantially a 1:1 ratio.

16. The storage container of claim | wherein said enclosure further comprises bracing to prevent said
bin from flexing or bulging under compaction pressure.
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17. The storage container of claim 1 wherein said controlling component regulates voltage and current.

18. The storage container of claim 1 wherein said controlling component switches from a hydraulic
accumulator energy storage to said storage battery.

19. The storage container of claim 1 further comprising a plurality of hold-downs, said plurality of hold-
downs pivotally attached within said enclosure, said hold-downs pivoting to allow said compaction ram

to travel on said pre-set path.

20. The storage container of claim 1 further comprising a counter-weight, said counter-weight disposed
at an end of said compaction ram.

21. The storage container of claim 1 wherein said controlling component reduces clock speed when said
compaction ram is stationary.

22. The storage container of claim 1 further comprising a plurality of indicator lights.

23. The storage container of claim 1 further comprising a visual sensor, said visual sensor determining a
capacity of said bin.

24. The storage container of claim 23 wherein said visual sensor further comprises a mirror system.

25. The storage container of claim 1 wherein said controlling component powers a visual sensor when
items are introduced into said enclosure.

26. The storage container of claim 1 wherein said controlling component is configured to disable unused
circuits within said controlling component.

27. The storage container of claim 1 wherein said controlling component regulates a battery charger,
said battery charger disabled when solar power is insufficient enough to charge said storage battery.

28. The storage container of claim 1 further comprising a blocking diode, said blocking diode regulating
a current flow from said storage battery to a battery charger.

29. The storage container of claim 1 wherein said controlling component disengages energy draw when
an operating voltage output from said photovoltaic panel or storage battery is below a threshold.

30. The storage container of claim 1 wherein said controlling component selects said photovoltaic panel
or said storage battery as a source of energy.

31. The storage container of claim 1 wherein said controlling component recharges an energy storage
system through an electrical contact to another storage container, said energy storage system comprising

said photovoltaic panel and said storage battery.

32. The storage container of claim 1 wherein said controlling component monitors and tracks operation
voltage.

33. The storage container of claim 1 wherein said controlling component controls pressure settings of
said compacting ram.

34. The storage container of claim 1 wherein said controlling component monitors relative current
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values.

35. The storage container of claim 1 further comprising an energy generator, said energy generator
driven by movement of said access door.

36. The storage container of claim 35 wherein said energy generator comprises a piezoelectric element.
37. The storage container of claim 36 wherein said energy generator comprises a flywheel.

38. The storage container of claim 1 wherein said controlling component engages a relay activating a
wireless transmitter, said wireless transmitter activated by said controlling component to transmit and
receive a signal.

39. The storage container of claim 1 wherein said controlling component engages a relay to activate an
explosive detector.

40. The storage container of claim 1 wherein said controlling component engages a relay to activate an
odor reducing device.

41. The storage container of claim 1 wherein said at least one bin defines a drainage hole.

42. The storage container of claim 1 further comprising: an information panel affixed to said enclosure.
43. The storage container of claim 42 wherein said information panel is a lighted sign.

44. The storage container of claim 42 wherein said information panel is a scrolling panel.

45. A solar powered trash compactor comprising: an enclosure; a photovoltaic panel located on an
angled upper exterior surface of said enclosure, said photovoltaic panel positioned to be exposed to
sunlight, to convert said received sunlight into electric power; a storage battery, located within said
enclosure and electrically connected to said photovoltaic panel; a motor controller having a controlling
component electrically connected to said storage battery, to monitor and control compactions, wherein
said controlling component is configured to skip a compaction cycle when said storage battery is
undercharged until an adequate charge has been attained, said motor controller is a central
microprocessor; an electric motor Jocated within said enclosure and electrically connected to said
controlling component, said electric motor connected to a chain drive mechanism, said chain drive
mechanism also connected to a compaction ram, wherein said compaction ram, when moved by said
chain drive mechanism, moves along a preset path within said enclosure; a bin, located within said
enclosure, wherein items introduced into said enclosure by an access door settle into said bin, said bin
positioned within said enclosure so that when said compaction ram travels along said preset path within
said enclosure, said compaction ram travels within at least a part of said bin and compresses items
within said bin; and a bin access door, located on said enclosure, to allow insertion and removal of said
bin from said enclosure.

46. The storage container of claim 1, wherein said controlling component receives signals from a
photoelectric sensor, providing an indication that said bin is full of items.

47. The solar trash compactor of claim 45, wherein said controlling component receives signals from a
photoelectric sensor, providing an indication that said bin is full of items.

48. A storage container comprising: an enclosure; a photovoltaic panel located on an upper exterior
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surface of said enclosure, said photovoltaic panel positioned to be exposed to sunlight, to convert said
received sunlight into electric power; a storage battery, located within said enclosure and electrically
connected to said photovoltaic panel; a motor controller having a controlling component electrically
connected to said storage battery, said controlling component to monitor and control compactions
performed by said storage container, wherein said controlling component is configured to skip a
compaction cycle when said storage battery is undercharged until an adequate charge has been attained,
said motor controller is a central microprocessor; a compaction ram, located within said enclosure, said
compaction ram positioned to travel along a preset path within said enclosure; a driving mechanism
located within said enclosure and electrically connected to said controlling component, wherein said
driving mechanism is coupled to said compaction ram, said driving mechanism to use electric power
from said storage battery to move said compaction ram along said preset path within said enclosure; and
at least one access door, located on said enclosure, said at least one access door to allow user access
within said enclosure; at least one protective chute coupled to said at least one access door wherein
items introduced into said enclosure by said access door travel down said protective chute; and at least
one perforator disposed between said at least one protective chute and at least one bin, said at least one
perforator operatively coupled to said driving mechanism; wherein items introduced into said enclosure
by said at least one access door travel through said at least one perforator and settle into said at least one
bin, and wherein when said compaction ram travels along said preset path within said enclosure, said
compaction ram compresses said items within said at least one bin, and said compaction ram travels
within at least a part of said at least one bin.

49. The storage container of claim 48, wherein said at least one bin comprises a plurality of bins and
said storage container further comprises a diversion mechanism, said diversion mechanism directing
said items introduced into said enclosure into each of said plurality of bins.

50. The storage container of claim 48 further comprising: a protective labyrinth, said protective labyrinth
disposed between said access door and said at least one perforator preventing said user's access to said
perforator.

51. A storage container comprising: an enclosure; a compaction ram positioned in said enclosure; a
photovoltaic panel positioned on said enclosure to be exposed to sunlight; a storage battery, electrically
connected to said photovoltaic panel; and a motor controller, electrically connected to said storage
battery, said motor controller configured to control compaction cycles of the compaction ram in said
storage container, wherein said motor controller is configured to skip said cycles when said storage
battery is undercharged until an adequate charge of said storage battery has been attained, said motor
controller is a central microprocessor.

Description

FIELD OF THE INVENTION

This invention is directed towards compactors for crushing trash or recyclables, and more particularly to
an apparatus and method for solar-powered waste compaction.

BACKGROUND
Garbage cans and trash receptacles are important items at any location where there are people, to avoid

the people having to carry trash with them or worse, simply littering. Many public areas such as outdoor
recreation facilities provide trash cans at many locations, and most visitors are quite receptive to using
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such trash cans, provided that they are convenient and accessible. However, trash cans often quickly fill
up and require periodic emptying by maintenance personnel. Larger trash cans provide more capacity,
but they still fill up and result in larger bulky unwieldy loads when they're emptied. For any size, trash
cans that are remote are more difficult to empty, and require that personnel spend time and equipment
traveling, emptying and hauling from the remote locations. Also, in urban locations and other high
traffic areas, sanitation personnel must spend significant amounts of time and cost to remove trash and
recyclables often several times daily, and urban areas often have space constraints on trash-bin size.

As is well known, typical trash is fairly bulky and is capable of being compacted down to smaller sizes.
Most trash collection trucks utilize hydraulic compactors to increase their capacity.

Compaction on-site can save money and help to conserve fuel by reducing collection frequency, and
thus vehicle travel time. Prior art trash and recyclables compactors characteristically require high-
voltage, AC electricity, and are almost ubiquitously connected to the electricity grid. This limits the
location of such trash compactors. Others have a fuel tank associated with them, such as with
compaction mechanisms onboard garbage trucks or certain compactors that use diesel generators to
provide power for compaction rams. These gas or diesel systems produce great noise and pollution as
they operate. Thus, prior art trash compactors are characteristically confined to areas where electrical
connections are feasible and cost-effective, or where there is a fossil fuel power source.

There is a need for powered compaction in remote settings and high-tratfic areas, that will allow people
to conveniently dispose of trash or recyclables, but allow much less frequent emptying service from
maintenance personnel. '

SUMMARY

The present invention uses the novel approach of using solar energy to compact trash and recyclables.
Solar energy is a clean source of power, and also it enables compaction of waste in remote locations
where other forms of power are impractical and uneconomical. Often, it is impractical and uneconomical
to connect grid power to a compactor located even at a relatively close distance to an electricity source,
for example, across a parking lot from a retail establishment.

This invention provides a low cost device and method for compacting trash and recyclables using stored
photovoltaic energy. The device is formed to efficiently collect solar energy, efficiently store said
energy and as needed, use the stored energy to compact trash or recyclables. The solar collector typically
is a photovoltaic (PV) apparatus which is connected to a storage device, Such as a battery, capacitor or
fuel cell. Mechanical means of energy storage may include springs, pneumatic and hydraulic pressure.
The apparatus uses stored energy to intermittently compact trash or recyclables. In another embodiment,
the device supplies AC electricity to an AC-powered compaction mechanism by changing DC power
from the PV array into AC electricity by means of an inverter. In a separate embodiment, the device
supplies pressurized hydraulic fluid to a compaction ram that is actuated by hydraulic pressure.

[n an illustrative embodiment, the electronics of the receptacle are enclosed in two compartments
adjacent to the compaction area. This compartment is not accessible from the outside, to prevent
tampering and/or user injury. Another feature to prevent user or operator injury is a battery disengage,
which will prevent compaction-ram movement when either compartment door is open and will provide
access to electronics or the compaction chamber. This works because the lock is coupled with a
contactor switch, so whenever a door is open, the contactor switch is open as well. The battery and
electronics compartments are also sealed from water to protect the enclosed electronics from the
elements, and the battery compartment is vented separately from the electronics and motor
compartments to allow for hydrogen gas to escape safely, as the flammable gas can be produced during
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charging of many types of batteries. The PV array is protected from weather and vandalism by a
covering constructed typically of durable plastic and a metal grate. The battery is stored at the bottom of
the compartment, in order to lower the center of gravity of the receptacle, and prevent tipping, while the
hydrogen vent is located above the battery chamber to allow hydrogen gas to rise and escape the
chamber without coming into contact with sparks from the motor or electronics compartments. At the
bottom of this compartment is the motor, which is connected to the reduction gearbox and drive chains.

The waste insertion door is locked shut during a compaction cycle or is constructed to block from user
intrusion into compaction chamber. This safety measure eliminates the possibility of a user being injured
by the compaction ram. In the illustrative embodiment, this use lockout is passive and does not require
energy to operate. Similar contraptions are seen on mailboxes, and prevent the user from access to the
inner chamber of the device. Other safety measures include a locking mechanism on the access door to
the waste bin to prohibit the general public from removing the waste. Only waste management personnel
can access the waste chamber and electronics chamber. An access door is hingedly attached to allow the
sanitation personnel to have unimpeded access to the waste bin.

Another embodiment can incorporate several compaction rams and/or compaction chambers, allowing
for separation and compaction of different recyclable materials. It may also include mechanisms such as
paper or plastic shredders, and bottle or can crushers, to more effectively reduce the volume of many
materials. Since such an embodiment can be constructed to have multiple compaction chambers, the
overall weight of each collection bin can be reduced, which will reduce worker injury associated with
heavy loads.

Another embodiment of the present invention allows monitoring of the trash level in the compaction
chamber. By monitoring the level of trash or recyclables in the chamber, a wireless communication
mechanism can relay this information to the sanitation personnel so that unneeded visits are avoided.
Communication may be relayed with a wireless transmitter or by a physical indicator, such as an
indicator lamp. This further saves time and money by allowing the maintenance personnel to schedule
collections according to demand.

Another embodiment of the present invention is constructed to be easily moved by virtue of a towing
apparatus that enables many devices and/or compaction bins to be connected to each other, so that a
single vehicle can tow many devices at once. This works much like luggage carts at the airport. This
unique method of trash removal also helps to reduce worker injuries associated with carrying heavy
loads.

Advantages of the present invention include a trash or recyclable collector which can be located in
remote places that don't have access to AC power, and also require many fewer maintenance visits for
emptying, while reducing litter.

Another advantage of the present invention is that it is optimized to work more often during times of
most usage. Peoples’ use of the device will occur most often during daylight hours, and therefore the unit
has power from daylight as needed to perform compaction. Further, since more people are active
outdoors during sunny days, the present invention is optimized to meet increased usage with increased
compaction cycles.

Another advantage of the present invention is that the collection bins which handle dense, heavy waste,
are positioned on a wheeled cart, reducing heavy lifting by sanitation personnel. Since waste is packed
into two or more compartments, each load is made lighter, further reducing the strain for workers of
lifting loads.
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Another advantage of the present invention is that the system is animal-proof, for everything from
insccts to bears. Access to the contents is blocked by doors and circuitous paths. Odor which is
objectionable and which also can attract critters is reduced by the design.

Another advantage of the present invention is that it allows bin capacity information to be relayed
wirelessly, helping to avoid wasted trips and time. Real-time information provides an advantage over
traditional reactionary scheduling methods. Real-time information will enable significant improvements
in routing and scheduling techniques, and can be reduced to software to automate and optimize waste
collection scheduling and routing decisions.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other features and advantages of the present invention will be more fully-understood
from the following detailed description of illustrative embodiments, taken in conjunction with the
accompanying drawings in which:

FIG. 1 illustrates a compaction ram and compaction chambers according to the present invention;
FIG. 2 shows an illustrative embodiment of the present invention;

FIG. 3 is a perspective view of a second illustrative embodiment according to the present invention;
FIG. 4 is a side sectional view of the illustrative embodiment of FIG. 3;

FIG. 5 is a top sectional view of the illustrative embodiment of FIG. 3;

FIG. 6 is an isolated view of a perforator in accordance with an embodiment of the present invention;
F1G. 7 shows an embodiment of the present invention including pivoting flanges;

FIG. 8 shows an embodiment of the present invention including a vertical ram with a counterwei ght;
- FIG. 9 is a block diagram of a control system for an illustrative embodiment;

FIG. 10 is a block diagram of an alternative control system supplying hydraulic fluid;

FIG. 11 is a schematic of electronics according to one embodiment;

FIG. 12 is a schematic of an alternative control system providing AC power.

FIG. 13 shows an embodiment of the current invention including a lighted sign; and

FIG. 14 1s a block diagram of a control system for an illustrative embodiment including a mirror system
to detect the level of trash.

DETAILED DESCRIPTION

The present invention is directed towards a waste collection receptacle with integrated solar compaction
mechanism for public use. The generally rectangular metal unit has a solar panel on the top to attract
maximum sunlight. The unit typically resembles waste receptacles currently in use, with respect to
aesthetics, usage and size.

http://patft.uspto.gov/netacgi/nph-Parser?Sect 1=PTO1&Sect2=HITOFF&d=PALL&p=1&... 1/11/2010



United States Patent: 7481159 Page 10 0f 22

FIG. 1 provides a perspective view detailing the compacting ram 24, chain drive sprockets 22, ram guide
track 21, and compaction chambers 20, showing the relationship between the compaction mechanism
and the compaction chambers, according to the present invention. The compaction chambers 20 can
include a handle and wheels 26 for easy removal. A solar-compaction system according to the present
invention is shown in FIG. 2, illustrating the orientation of the components of the outer container 28, as
well as showing-a position of a hinged waste removal door 30, and a trash insertion door 34. A
photovoltaic (PV) cell array 32 is mounted on top of the unit, covering much of it. In one embodiment,
cells 32 produce enough power for the average number of 15 compaction cycles per day, and the battery
36, shown in FIG. 4, has enough energy storage to provide for usage through weeks of intermittent
sunlight. The cells are wired to the energy storage system, which stores power to drive the compaction.
Status indicator lamps 60, FIGS. 2 and 9, provide visual means of displaying information such as a
system malfunction or to indicate the level of bin capacity used and available. A trash insertion door 34
acts to prevent user injury because it locks out the user from the trash compaction area. Insertion door 34
is optimally coated with a removable, slippery material such as Teflon.RTM., so that sticky items, such
as ice cream or chewing gum, do not stick to the insertion area.

More details are provided with the illustrative embodiment shown in FIGS. 3 and 4. The Photovoltaic
(PV) array 32 is positioned on top of the device for maximum sunlight exposure. The PV array 32 may
also be placed on other sides of the device to increase exposure to the sun when the Sun is lower on the
horizon. The PV array 32 may be optimally placed on an angle to prevent it from being covered by snow
or debris. Further, the angle may be used to increase sunlight exposure based on azimuth of the sun
across the sky. For example a PV may can be arranged to receive the most southern exposure during the
day. Alternatively, the PV array 32 may be pivotally mounted and powered in order to rotate and track
maximum sunlight exposure. Although the PV array 32 is shown attached to the unit, the PV array may
also be separately located from the device and electrically connected. The PV array may alternatively be
located inside the outer cover 28, and the outer cover may be constructed to allow sunlight into the
protected area where the PV resides. The PV array may otherwise be mounted in a location on or outside
the outer container accessible by light via a reflective surface such as a mirror, and inaccessible by
vandals, negligent operators and animals. Optimally, there is about a 1:1 ratio between the top view of
PV array 32 and the device. The angle of the PV array 32 can be flat but could be positioned at any
angle or could be able to be adjusted so that the installer of the machine can set the solar panel angle for
optimal solar collection.

As shown in Figures 2 and 3, the PV array 32 is optimally placed between layers of foam 33, to absorb
shock in the event that the machine is bumped or tipped. Additionally, there can be a curved plastic,
such as a Lexan.RTM. panel or layers of Lexan.RTM. and air over PV array 32 to protect PV array 32
from vandals or negligent use. Additionally, the plastic panel layers will shed water and snow.

The PV array 32 can be covered by a thin layer of protective coating that can be cost-effectively
replaced. In one embodiment, several layers of plastic coating, or other suitable material, may be applied
during manutfacturing such that one layer can be removed at a time, providing several layers of
protection against vandalism, graffiti and scratches. For example, when one layer is used up, it is peeled
away and a new, clean layer is present. This same method may be more effectively implemented as a
way ot keeping the inside of the trash door clean.

The compaction ram 24 is shown in the resting position above the compaction chambers 20, FIG. 4. The
illustrated embodiment includes a two sided ram to improve compaction capability and to facilitate
removal by decreasing weight of each load, FIG. 5. The chain drive sprocket 22, upon rotating, drives
chain 42 forward, driving the attached compaction ram 24 down, compacting the load. Alternatively, the
compaction ram 24 may move up or sideways, depending on the design of the system. The removable
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bin 20 includes a handle and wheels to roll smoothly in and out of the outer container 28. In one
cmbodiment, the trash could be deflected toward the rear of the trash compartment, under compaction
ram 24 to allow for more complete compaction. This would allow a longer time period between
compactions, reducing the amount of energy used by the device.

The storage battery 36 is located preferably at a low point in the container to provide stability. The
storage battery or batteries 36 can be upsized or downsized for different climates, compaction demands,
or for or auxiliary functions, such as providing usable AC electricity through an inverter. The battery or
batteries may also be stored separately from the container. The electronics compartments are preferably
located in a weather-proof area 37 of the container. Electronic components can include a motor
controller, battery charging controller, user interface, and sensors, as will be described below. The
access door 38 to the electronics area 37 is key-lockable. When unlocked, the battery 36 will preferably
be automatically disengaged.

In the illustrative embodiment, a deep cycle battery 36 is employed to drive a DC motor 40, FIG. 5. The
motor 40 drives a chain 42, which rotates sprockets rigidly connected to the unit 22, and which transmits
the crushing force to the compaction ram 24. Alternatively, the motor 40 may provide power to the
chain drive 22 through a drive shaft and gears, including reduction gears, or one or more motors 40 may
be directly attached to the chain drive 22, or the motor or motors may be connected via reduction gears
to chains or lead screws, which control the position of the compaction ram. Alternatively, a hydraulic
piston may be used to move the compaction ram. In this embodiment, the motor is used to drive a fluid
pump, which supplies pressure to the hydraulic cylinders to move the ram. Optimally, the chain drive
system can be made to use as few sprockets and gears as possible to reduce friction in the system. One
embodiment of the present invention uses two sprockets on each side with a vertical chain drive 22 to
reduce frictional losses. The vertical chain drive 22 reduces operational resistance, increasing efficiency.

Another embodiment, directed toward recycling, is shown in FIG. 6. In a recycling embodiment, a chain
drive 22 is connected to rotating perforators 70 as to perforate plastic containers so that air can be easily
pushed out of the containers by the compaction ram. There is a protective labyrinth 72 to prevent users
from inserting their hands into perforating area. A plastic bottle 74 is shown entering a chute 76. Bottle
74 then enters protective labyrinth 72 and into the perforation area having the rotating perforators 70.
The rotating perforators 70 turn with each compaction cycle, in one direction only, because they are
connected to the chain drive 22 with a ratchet gear. With each compaction cycle, the perforators 70
rotate, bringing bottle 74 through chute 76 while perforating them. This enables the compactor to
eliminate air space in the bottle, making it more compactable. This embodiment may include be several
insertion openings for different materials. Materials are optionally pushed into a closed-top bin so that
the materials do not expand after the compaction cycle has ended. Also in this embodiment, there is
optionally a "diversion mechanism" to prevent trash materials from contaminating the recyclable
material. This diversion mechanism may be operated by scales or sensors which are able to detect
materials visually (i.e., visual sensors 71, FIG. 6) or by material density, such that the materials are
inserted into the proper compaction chamber. A controlling component, as explained in further detail
below, can be programmed to engage the sensors and determine material properties.

Another embodiment directed to holding trash in place is shown in FIG. 7. The illustrative embodiment
includes a compactor according to the embodiments above and further including hold-down flanges 80.
These hold-down flanges 80 keep trash in place with the goal of reducing the number of compactions
needed to compact trash and keep it compacted. The hold-down flanges 80 may be pivotally attached to
the body of the device such that upon lowering of the compactor ram 24, the flanges 80 pivot allowing
the ram 24 to lower and compress the garbage. Upon retraction of the ram 24, the hold-down flanges 80
pivot back such that the bottom surface of the flanges 80 prevent the compressed garbage from
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cxpanding, or decompressing, and rising above the top of the bin.

Another embodiment is shown in FIG. 8 and is directed to conserving energy. A vertical ram compactor
includes a counter-weight 90 so that movement of compacting ram 24 takes less energy. Typically, ram
24 may be heavy-gauge steel, and weighs over 400 lbs. Traditional compactors use significant mounts of
energy to return the ram to the up position. This is wasted energy, since the weight of the ram is not used
effectively to compress materials. Counter-weight 90 reduces force needed on upstroke to save energy.
After the ram 24 is lowered through the bin 20, shown at Position L, and the garbage compressed, the
counter-weight 90 on the top of the ram provides a downward force thereby reducing the energy
required to raise the ram back to its retracted position, shown at position U. A control apparatus for the
tllustrative embodiment is shown in FIG. 9. The motor controller 44 is a central microprocessor which
manages all operations, detects all inputs and provides outputs for running the device. It controls power
to the motor 40 by relays or contactors 58, FIG. 9 (mechanical or solid-state) or other switching means.
A photo-eye 46 is located above the compaction chamber 20, FIG. 4, and is actuated when trash blocks
the light rays between this photo-eye sensor and a reflector on the opposite side of the channel above the
compaction chamber. The photo-eye signals the programmable logic controller (PLC) 44 when trash
blocks the light beam for a measured amount of time, indicating that trash is located in the channel
above the compaction chamber, and should be compacted. Other sensors may be used to detect the level
of trash, including, for example pressure sensors, micro switches, scales, etc. In an alternative
embodiment shown in FIG. 14, a mirror system 116 may be implemented instead of a photo-eye
transmitter and receiver to reduce wiring and wire installation labor costs.

Pressure sensors 48, FIG. 9, are located above and below the compaction ram 24 and are actuated when
the compaction ram has reached the end of its downward and then upward cycle. The sensors provide
input to the controller PLC 44. The controller 44 can also receive input from the motor 40 that signals
that the compaction ram 24 has reached the bottom of its downward cycle by means of a centrifugal
switch on the motor 40 or a current sensor 49 in the controller 44 which detects motor current, or other
type of sensor. When the motor 40 has reached the bottom of its cycle (or jams), it will stop due to the
upward force on the ram from the compacted trash, or due to irregular forces that cause the ram to jam.
At this point, the motor will stall, and a centrifugal switch sends a signal to the motor controller 44 to
stop or reverse the direction of the motor 40, or the current sensor 49 (programmed current limit) linked
to the motor controller 44 senses high current in the stalled motor, and will reverse the cycle, returning
the compaction ram 24 to the top of its cycle. Otherwise, the motor 40 may be stopped by use of a
manual kill switch 56, or activated by a manual actuator 57. In this illustrative embodiment, the current
sensor is linked to a timer 50 through the PLC 44, which will allow the motor controller to gauge the.
travel distance of the compaction ram before motor stall, and thus measure the degree of "fullness” in
the trash bins. In the illustrative embodiment, the maximum load is reached when the 12V motor reaches
40 Amps. If this current limit is reached within 10 seconds, then the controller will gauge that the
compaction chamber is 1/2 full. If the current limit is reached within 5 seconds, then the controller will
gauge that the compaction bin is full. Another method of indicating "fullness" is sensing ram travel with
a rotational encoder located on the drive shaft. The PLC 44 senses conditions and then indicates status
through a wireless data transmitter 66, and through status indicator lamps 60.

In this embodiment, the projected PV array output is 50 Watts Peak, and will generate, on average, 150
Watt-hours of energy per day, given an average of 3 hours of full sunlight available per day. Sunlight
cnergy 1s collected in the PV Array 32, FIG. 9, and is converted by the charge controller 33, into a useful
battery charging current and voltage. Battery reserve will be approximately 600 Watt-hours, and each
cycle will use approximately 3 Watt-hours. Thus, the energy reserve in the illustrative embodiment is
enough to run Lip to 200 compaction cycles. The controller will be programmed to permit compaction
cycles such that battery over-discharge and thus battery damage is avoided. Since many electrical
components are popular in 24 volt configurations and most PV arrays are available in 12 volt charging
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configurations, it may be economically advantageous to provide for 12 volt battery charging and 24 volt
systems operations. This may be accomplished through the use of a relay and contactor switch, which
will change the system voltage from 12 volts to 24 volts each time a compaction cycle is initiated.

In another embodiment which does not use an embedded microprocessor, the switching and control is
performed using solid-state electronics, as shown in FIG. 8. The cycle is triggered by a "Start" signal,
shown as a key switch 54, however other devices may be used, including a pushbutton, photoelectric
sensor, weight sensor etc. When the cycle begins, the motor will turn on and latch into the

"forward" (down) mode. A lamp will turn on, indicating that a cycle is taking place. If the bin is not full,
the compaction ram will actuate the lower pressure sensor 48, which will then turn the status lamp 60
off. If the bin is full (pressure sensor or limit switch is not actuated), the lamp will remain on after
machine cycle is done, alerting sanitation staff that collection is needed.

The motor will run in forward until either lower limit switch or pressure switch is reached, or until a
timeout occurs. A timeout will occur if the amount of trash prevents the ram from reaching the bottom in
the time allotted for a normal downward cycle. When the ram stalls, a clutch 47 will disengage the
motor, allowing the motor to spin at no-load. Motor will spin at no-load until timeout occurs and motor
1s reversed. When motor reverses, clutch will automatically re-engage.

Upon hitting the lower limit switch or reaching a timeout, motor will stop for a preset time delay, then
will reverse. The motor will run in reverse until the upper limit switch is actuated. When the upper limit
switch 48 is reached, the motor stops and a new timer begins. A start signal will be ignored until this
timer is finished. Once the cycle delay timer is done, the system is reset and ready for a new start signal.

The system includes a separate safety interlock switch 49 on the access door for emptying the bin. This
switch disengages the power supply from all the control elements when the access door to the
compaction area is open (this switch also resets the "bin full" lamp).

In another embodiment shown in FIG. 12, the motor controller 44 outputs AC power to an AC motor,
allowing the same invention to power AC compaction mechanisms. The motor controller 44 includes a
power inverter 55 (including either a pure sine wave or modified sine wave) to provide alternating
current power for an AC motor. This is advantageous because many of the existing compactors in the
field use AC power. Thus, the present invention, as shown in this embodiment, can power a traditional
compactor with solar power and embedded control logic. Further, the present invention can include an
electrical power outlet accessible from outside of the enclosure.

Yet another embodiment of a controlling system is shown in FIG. 10. In this embodiment, the device
uses a hydraulic pump 51 to pressurize hydraulic fluid from a tank 53, allowing the same invention to
power a compaction mechanism that utilizes hydraulic fluid pressure cylinders to move the compaction
ram. This is advantageous because many of the existing compactors are hydraulic, and require a
hydraulic pump that is powered by AC electric power or internal combustion engine. The present
invention, as shown in this embodiment, can power a traditional compactor with solar power and
embedded control logic and a DC motor. This can save money and setup time, and allow compaction
with various types of mechanisms to be used in remote locations not currently economically serviced by
common electricity lines or with current compaction methods. Alternative systems may be used, and are
within the scope of the present invention. For example, a pneumatic pump can be used to inflate a
bladder inside the compaction chamber 20, thereby compacting the trash without requiring a compacting
ram and chain drive system.

A feature of the illustrative embodiment is that the motor controller 44, when in charging mode, can act
as a maximum power tracker, regulating the charging of the battery from the PV array. The power
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tracker has the ability to vary the level of voltage and amperage based on the characteristics of the PV
array, the sunlight level and the battery condition. The power tracker has the ability to balance off
current and voltage to optimize battery 36 charging. The motor controller 44 has the ability to optimize
the charging regimen of the batteries 36, by tracking the level of photovoltaic energy available and the
battery charge. When the battery 36 is fully discharged, the controller 44 will provide low voltage and
high amperage. When the battery 36 is almost completely charged, the controller 44 will provide a
higher voltage and lower current. When the battery is fully charged, the controller will not provide any
charge to the battery 36, or will simply provide a trickle charge. Conversely, when the battery 36 is
undercharged, the controller 44 may delay or skip a compaction cycle until adequate charge has been
attained. This serves to save battery life and prevent failure. Because of the ability for the controller 44
to optimize charging regimen and control the motor, it serves a dual purpose.

Typically, the duty cycle of the compaction apparatus is higher during peak traffic hours. For example,
during lunch time, there will be more waste discarded into the device. This duty cycle can be controlled
by a timer, or by a photo-eye as described above. One illustrative method is to use a photo-eye because
it will optimize compaction cycle to meet the demand for compaction. This allows for maximum charge
time between needed compactions, and minimizes noise and downtime due to the compaction cycle.
This duty cycle is typically determined by low power timing, circuitry contained in the receptacle. It is
modifiable on the unit, or is programmable by means of a wireless communication device or by
electrical connection between the programming device (i.e. computer) and the PLC 44. The controller
44 can also include data logging features, to allow compaction cycle history to be stored for later
analysis. In one embodiment, a battery disconnect may be attached to one or both of the battery supply
cables. When either the trash bin removal door or the electronics door is opened, the battery is
automatically disconnected, to prevent injury.

Table 1 provides specifications for a system in accordance with one embodiment of the present
invention. '

TABLE-US-00001 TABLE 1 Physical Specs of Unit Size of Ram Width 8.00 Inches Length 12.50
Inches Number of Rams 2 Weight 20.00 Pounds Size of Compartment Height of bin 24.00 inches
Length of bin 19.50 inches Width of bin 10.50 inches plunge of ram 8.00 inches height of ram 10.00
inches Volume of Bin 42.54 gallons Volume available after 15.79 gallons compaction Worst case
volume after 7.89 gallons compaction Compaction ratio 4:1 Volume of raw trash collected 107.17
gallons Best Case number of 8.08 per fill compactions Worst case number of 16.17 per fill compactions
Desired Pressure Chain Drive Diameter of Drive Sprocket 3.00 inches Length of Ram/Chain Travel
18.00 inches Compaction Time 30.00 seconds Desired Pressure 10.00 PSI Compacting Force 2000.00
pounds Motor Specs Horsepower 0.50 HP RPM 1800.00 RPM Voltage 12.00 volts Max Amps 39.00
amps Power Numbers RPM at Chain drive 8.00 RPM Torque 3983 HP Cycle Time 30 Seconds Power
Consumption Losses Drive Mechanism 80.00 percent Chain Drive 80.00 percent Energy Consumption
per compact Energy of compaction stroke 1.41 W*hrs Energy of retraction stroke 0.94 W*hrs Energy
Needed per cycle 2.35 W*hrs Energy Needed per cycle 3.36 W*hrs w/losses Compactions Needed
Compactions per day in High 12.13 Volume Use Energy Used per day 40.77 W+*hr Battery Voltage
12.00 Volts Amp*hours 55.00 Ah Watt*hours 660.00 W*hr Average Temperature (Min) 14.00 Deg F.
Efficiency Due to Temp 60.00 Percent (round trip) Actual Energy per battery 396.00 W*hr Days of
Compacting w/o charge 9.71 Days Days to completely recharge 10.30 Days Photovoltaic Number of
Cells 35.00 Cells Area of PV 560.00 Square Inches (4" .times. 4" cell) PV Specs Energy from Sun 0.66
W/in{circumtlex over ( )}2 PV efficiency 15.00 Percent efficient (14-22%) Peak wattage of PV 55.44
Peak watts Power from Cell 0.10 W/in{circumflex over ( )}2 Capacity factor (avg sun) 70.00 percent
Hours at avg capacity 3.00 hours Energy Collected per day 116.42 W*hr Adjusted available energy
52.39 W*hr
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‘The embodiment as shown in FIG. 10 may also include a controlling component able to control multiple
motors so energy is saved by using a weak but efficient motor for some of the ram stroke and a slower,
more powerful motor only wherein needed, at the end of the ram stroke. Alternatively, a controlling
component could be implemented that is able to switch valves for higher flow or higher pressure in
hydraulic lines thru a cycle.

Also, a controlling component able to switch gears in transmission, for more efficient ram stroke could
be implemented. Other possibilities to increase the efficiency of ram stroke include, but are not limited
to: incorporating automatic transmission for more efficient stroke; incorporating a controlling
component able to regulate voltage and current for most efficient stroke; or having a controlling
component able to switch from hydraulic accumulator energy storage to battery to make a more efficient
"hybrid" system that has the dual benefits of reducing energy and speeding cycle time, which is a good
performance trait.

Most of the hydraulic pumps operate at 1400 psi. The embodiment shown in FIG. 10 is a mechanical
system designed to offer similar pressures on the ram face. Below, illustrative ram face pressures are
given in Table 2. They are generally 25-20 psi, and the pressure differences represent different ram face
sizes. Table 2 represents illustrative systems capable of completing 20 cycles per day. Table 2 takes into
account the complexities of sunlight, inclement weather, effects of temperature on hydraulic viscosity
and battery performance, and different performance needs. Based on climate, placement and
performance, these values may be adjusted higher or lower to accommodate the conditions.

TABLE-US-00002 TABLE 2 Motor Ram Battery Size Bin size Pressure Energy/Cycle PV Size Size 4
Cu. Yards 2 HP 15,000 lbs 15 Watt hours 80 W 3.7 kWh 8 Cu. Yards 3 HP 20,000 lbs 20 Watt Hours
180 W 5.5 kWh 20 Cu. 5 HP 30,000 1bs 30 Watt Hours 280 W 9.1 kWh Yards

Table 3 represents systems capable of doing 50 cycles per day:

TABLE-US-00003 TABLE 3 Motor Ram Size Bin size Pressure Energy/Cycle PV Size Battery Size 4
Cu. 2 HP 15,000 Ibs 15 Watt hours 200 W 6.4 kWh Yards 8 Cu. 3 HP 20,000 Ibs 20 Watt Hours 298 W
9.5 kWh Yards 20 Cu. 5 HP 30,000 Ibs 30 Watt Hours 496 W 15.1 kWh Yards

Certain embodiments may include additional controlling components. For example, a controlling
component programmed to reduce or increase the clock speed (processor speed) to save energy may be
implemented into PLC 44. Logic of the controlling component slows the clock speed when no cycles are
being run. During a compaction cycle, clock speed of timer 50 runs fast so that sensing of motor current,
ram position and sensors is measured accurately. Failure to slow clock speed of timer 50 results in
wasted energy, and failure to speed clock speed can result in system breakage because components can
be stressed beyond their safe limits due to sensing not happening fast enough to react to forces that can
increase quickly as a function of time. A microcontroller, such as a PIC processor, may be is used in
PLC 44. During compaction and sensor activation, the processor operates at approximately 4 Mhz.
Otherwise it operates at approximately 32 Khz.

[n another embodiment, a controlling component programmed to flash LEDs for a fraction of a second
every few seconds to save energy is implemented in PLC 44. The controlling component may be
programmed to flash LED notification lamps faster as the bins become more full. The controlling
component can flash the LED notification lamps the fastest when the bin is at its fullest capacity. This
allows a user to sense urgency of emptying the compacter. For example, the LEDs illuminate for 100 ms
every 1.5 seconds. As the bin fills with trash, the time between LED illumination decreased to increase
the perceived sense of urgency to the LED flashes. Flashing faster would indicate the urgency of
servicing the device.

http://patft.uspto.gov/netacgi/nph-Parser?Sect1:PTOI&Sect2=HITOFF&d=PALL&p=I&,.. 1/11/2010



United States Patent: 7481159 Page 16 of 22

Additionally, a controlling component programmed to turn on sensors such as pressure sensor 48 or
current sensor 49 only as long as they need to be in order to properly respond to the sensor signal may
be implemented in PLC 44. Certain photo-eye sensors, such as photo-eye sensor 46, must be turned on
for a minimum period, for example 0.3 seconds, to reliably respond to the input signal. This saves
cnergy because the sensors consume energy only when they are on. Logs may be stored in hard drive
memory. These logs may be uploaded wirelessly to a central server so status information to users via
cell phone or email or SMS (text message) can me relayed.

Another feature may include a controlling component and door sensor programmed to engage photo-eye
sensor 46 only when trash is deposited, rather than at regular intervals, to save energy. The controlling
component is therefore programmed to trigger photo-eye sensor 46 after insertion door 34 has been
opened. In this embodiment, there is a transducer such as an inductive sensor or Hall effect Sensor,
located on insertion door 34 to allow for a signal to be sent to the controlling component indicating each
usage.

In one embodiment, the controlling component is programmed to shut down unused circuits within PLC
44. Specifically, the controlling component is programmed to turn off the current sensor and relays
when the bin is in monitoring mode and turned on when in compacting mode to save energy. Certain
areas of the controlling component may be activated or deactivated according to different methods. In
certain embodiments, the activation of discrete controlling components is implemented through either a
MOSFET component, a relay or through different pins on the processor directly for areas of the circuit
requiring lower current. By constantly monitoring and turning off circuits of the controller when those
circuits are not required for operation, energy may be conserved.

As shown in FIG. 9, another embodiment includes a controlling component that is programmed to
regulate the battery charger 31 to eliminate battery charger 31 energy consumption when solar power is
not sutficient enough to charge the battery. The controlling component is programmed to actively
monitor wattage from the solar panel and to turn off the controller when the wattage drops below a
threshold voltage. The battery charger 31 is only turned on when adequate voltage on the panel is
reached, and off when it is not. Since many battery chargers require some activation energy from the
battery to begin the charging process, the controlling component is programmed to supply the activation
energy only when solar energy is available. Alternatively, FIG. 14 shows that a blocking diode 110 may
be used to keep current from flowing from the battery to the battery charger 31. Thus, no energy is able
to pass from the battery 36 to the battery charger 31; it is only able to come from the PY array 32 when
it has sufficient voltage to charge the battery.

The battery charger requires activation energy to charge the battery. Without this activation energy, it
blocks any current from going through the charger to the battery. By placing a resistor between the
positive lead of PV array 32 and positive lead of charger, the PV array 32 can provide that activation
energy when there is sun on the PV array 32. Once operating, the charger is the lower resistance path, so
energy tlows through the charger to the battery.

In one embodiment an infonnation panel 27 (see FIG. 3) may be incorporated. FIG. 13 shows that the
information panel may be a lighted sign 100, a scrolling panel 102 or other method that may be used to
display information or advertising. These information panels may be intermittent-use devices. The
intermittent powering may help control the energy budget because the panel can charge between cycles,
similarly to the compaction mechanism. In another embodiment, the intermittent-use feature may be
used in controlling the lighting of the device. Cycling the lighting at very rapid duty cycles that are
invisible to the human eye, energy can be conserved. In an alternative embodiment, the lighting may be
pulse modulated at slower cycles, thereby conserving energy. In yet another embodiment, the signage
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may be controllable via wireless receiver from a base location. For example, the base station may want
to post an electronic message such as an advertisement or emergency message on each waste receptacle.

Another illustrative embodiment includes a controlling component that is able to disengage energy
draws when voltage is low. For example, in many settings, the machine may be able to power lighted
signs as discussed above. The controlling component may programmed to disengage these signs from
the electricity source (i.e. battery 35) when the voltage is low as a means of conserving energy for trash
compaction or other prioritized function.

A controlling component that is able to disengage electricity to the motors of a scrolling advertisement
signal wherein there is not sufficient voltage to power the signs' motors may be incorporated. The
controlling component may do this by powering a relay to connect electricity to the sign's motors only
when there is sufficient voltage to power the sign. Additionally, the controlling component can be
programmed to power the sign's motors only when advertising is beneficial, at lunch hour in a busy
outdoor area, for example.

Another embodiment includes a controlling component that is programmed to search for the best source
of energy. In a machine that has the ability to be plugged in, for example, the controlling component
would default to solar power source unless the machine is plugged in. When plugged in, the unit's
energy-storing capability absorbs large fluctuations in energy use, which lowers the peak current that the
machine draws. This is advantageous because utility-supplied electricity charges are based on both total
draw and peak draw. This feature may reduce peaks. For a unit that is charged by a utility supplied
clectrical source, the controller can have a real tine clock installed to only charge the battery during "off
peak" times, typically during the nighttime, when electricity rates are lower than in daytime. This may
be accomplished with a controlling component that is programmed to engage and disengage relays to
connect the best power source to the charging circuit. Alternatively, the relays may be wired to provide
activation energy to the relay with the highest energy.

This present embodiment may be implemented in situations where units are rented and thus will be in
use for a festival or other event and then placed on a charger when the event is over. In other situations
where the unit is searching for the best source of energy, it may be programmed to use sunli ght
whenever there is sufficient charging current and to use utility electricity when sunlight is not adequate
- to charge the battery. Thus, it does not have to interpolate over time. An efficient charging interpolator
would use sunlight during the day, and utility power at night, if both are available all the time.

A controlling component and electronics that enables recharging of the energy storage system by
another machine may be implemented in an additional embodiment. The machines may link, as a chain,
together to make electrical contact 41 (see FIG. 12) with one another. Alternatively, one machine may
plug into a separate machine. In either embodiment, when machines are connected together electrically,
one machine may provide a charging voltage to another. This is particularly useful when machines are in
storage. If the user plugs one machine in to an electrical source, and other machines are connected (ina
chain), then all machines could charge from a single outlet. Additionally, electrical contacts 41 to allow
machines to be chained or connected in series such that one machine may charge another machine may
also be implemented in another embodiment. This allows a group ot machines to be recharged by a
single electrical source.

In another embodiment, multiple compactors according to the embodiments described herein can be
placed adjacent to one another. This could either be in a very busy location that requires more than one
machine or in a location that wants three machine, one for trash, one for recyclables and one for paper.
Inevitably, one of the machines will use more energy than the others. Linking the machines together,
allows the machines using less energy to boost the charge on the machine that is using more energy.
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. Another embodiment may include a controlling component that is programmed to track voltage over a
period of time, and if voltage is falling, the controlling component turns on an indicator telling users that
the machine is placed in an unsatisfactory location or orientation and must be moved. This is
advantageous because there are natural peaks and valleys in voltage that must be "averaged out" in order
to determine if a location is bad. By monitoring voltage over 2 weeks, cloudy weather lows and sunny
weather highs can be incorporated into a calculation that indicates placement optimization. Natural highs
and lows can be averaged out over a 2 week period because inclement weather patterns rarely occur for
more than 2 weeks. Also, 2 weeks of energy storage is sufficient but is not overkill. So a 2 week period
1s an optimal tine period.

[n another embodiment, a controlling component could be programmed to monitor relative current
values rather than absolute values to make the warning light more accurate at sensing trash density. For
example, the controlling component does not sense that 5 amps have been achieved, it senses that 30%
more amps than the motor used when operating under no load. This removes variances due to
temperature and manufacturing variances, making the detection system more accurate. Additionally,
during the initial stages of a compaction cycle, an operating current is measured. As the cycle continues
and trash resistance is met, the current rises. Rather than indicating the machine is full when the current
reaches 5 amps, the controller can determine that it is full when it has reached 3 amps above the
operating current.

In yet another embodiment, the controlling component can be programmed to allow for a variety of
pressure settings to be controlled by the user. In this embodiment, the controlling component receives a
signal from a potentiometer which can be used to adjust the desired motor current thresholds, which
correspond to desired ram pressure. By controlling the current at which the full signal is sent to the user,
the bag weight can be managed by adjusting the dial. More force generally correlates to a higher bag
weight because more trash can be deposited into the bin. For example, if the unit is placed in a location
with much paper, there is a highly compactable load, and higher density would not cause the load to be
too heavy. The user would increase the compaction strength so that collections could be made less often.
In a place with lots of food waste, which is heavy and not as compactable, the user would reduce the
pressure, allowing the user to collect before the bag becomes too heavy.

In an alternative embodiment, the compactor includes a scale, so that instead of adjusting ram pressure,
the user may adjust bag weight. This could be accomplished with a spring loaded base plate upon which
the bin and bag rest, and proximity sensors to indicate where the bin or bag rests. Alternatively, there
could be a pressure transducer underneath the bin or in line with a suspending cable that holds the bin.

In another embodiment, a controlling component is programmed to control a variable speed
transmission, or several low power and high power motors to achieve etficient ram movement and
compaction. The majority of the cycle does not encounter resistance from the trash. It is either moving
down to the trash height or retracting the ram after the cycle. There is the potential to see energy
etficiency benefits from operating those sections of the cycle using a higher speed, lower force motor or
transmission gearing. Thus, the low gear is only used when the ram is doing work, encountering a
compacting load.

An additional embodiment includes means to generate energy (i.e., an energy generator 35 as shown in
FIG. 9) from the insertion door movement. In one embodiment shown in FIG. 14, each time the door is
opened, there is a piezoelectric element 114 that generates current when the door is opened.
Alternatively, the insertion door movement may actuate a rotating flywheel 112, which then turns an
energy generator 35, thereby producing current.

http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1 &Sect2=HITOFF&d=PALL&p=1&... 1/11/2010



United States Patent: 7481159 Page 19 ot 22

Another embodiment incorporates a controlling component that is programmed to engage a relay 65 (sce
FIG. 9) to turn on a wireless transmitter 66 when it needs to transmit a "full" or "malfunction” signal.
The controlling component is programmed to disconnect the transmitter or receiver from the electrical
system to save energy, and the electrical system is attached to the transmitter via relays 65 so this
disconnect is physically possible.

Another embodiment includes bomb-sensing logic in a controlling component. The controlling
component is programmed to engage a relay 68 (see FIG. 9) to turn on an explosives detector 67 when
the machine is used. The controlling component is programmed to disconnect the detector 67 from the
clectrical system to save energy, and the electrical system is attached to the detector 67 via relays 68 so
this disconnect is physically possible. The device may be outfitted with a camera that is activated by the
opening of the insertion door. The device may store a photo of everyone who deposits trash into the
machine in memory such as a flash memory device. Once the bomb sensing logic determines that no
bomb is in the machine, the memory is dumped. Otherwise the photos may be wirelessly transmitted to
assist authorities in catching the person who deposited the bomb. The photo would be stored in tlash
memory or the hard drive, or alternatively, could be transmitted wirelessly to a central server without
first storing locally.

Another embodiment includes odor reducing devices such as sprays or ultraviolet lights as needed by
controlling components. The controlling component is programmed to engage a relay 94 (see FIG. 9) to
turn on an odor reducing device 92 when needed. The controlling component is programmed to
disconnect the device from the electrical system to save energy, and the electrical system is attached to
the detector via relays so this disconnect is physically possible. Other devices such as security
monitoring cameras or emergency calling transmitters may be similarly controlled by the controlling
component and detached from the electricity supply to save energy when they are not in use.

In yet another embodiment, an accelerometer 96 (see FIG. 10) may be implemented. The accelerometer
96 watches for high forces in the machine, indicating the possibility of theft or vandalism. Upon
detection of an unauthorized event, a signal may be sent to the machine's owners so that they can
respond in a timely manner to repair the machine and ensure that it is not in a state that would be
dangerous to people. In an alternative embodiment, a tracking system, such as a global positioning
system ("GPS") or other suitable tracking device 98 (see FIG. 10), may be implemented.

In yet another embodiment, an accelerometer may be implemented. The accelerometer watches for high
forces in the machine, indicating the possibility of theft or vandalism. Upon detection of an unauthorized
event, a signal may be sent to the machine's owners so that they can respond in a timely manner to repair
the machine and ensure that it is not in a state that would be dangerous to people. In an alternative
embodiment, a tracking system, such as a global positioning system ("GPS") or other suitable tracking
device, may be implemented.

Another embodiment includes a controlling component that has the ability to override the manual
actuator button if there 1s low voltage or a safety reason. For example, if there is a short circuit, the
controlling component can override the manual run button actuator function

Additionally, in another embodiment a controlling component is programmed to engage a solenoid or
other actuator 91 (see FIG. 12) which locks the insertion door when the compaction chamber is full.
This prevents overflow from the bin.

In an embodiment of the present invention, a variable speed transmission is used to reduce energy

consumption by supplying high speed and low power when there is no force on the ram, but to apply
high power and low speed when high compaction force is needed. The controlling component is
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programmed to control the transmission for optimal efficiency. Alternatively, the ram may be connected
to the drive train with a ratchet so that gravity allows the ram to fall freely until is reached the trash. The
drive train is then engaged to allow for compaction force to be put on trash. This removes the friction
associated with a transmission and allows the "free travel" part of the ram's motion to happen without
the use of battery energy.

In another embodiment, the device is sized to compact into a standard trash receptacle. As shown in
FIG. 13, bracing 106 to prevent the receptacle from flexing and bulging under the compaction pressure
is included to maintain the integrity of the receptacle. This bracing, 106 in one embodiment, is widened
when the machine's service door is opened to allow the user to easily remove a tight-fitting removable
bin.

In an additional embodiment, the device may include certain handles that allow for the automated
removal of the removable bin. The handle may include a bar or reinforcing ribs so that a mechanical
hand can safely grab the removable bin without breaking it or causing to flex inward to such a degree
that the trash inside cannot be removed.

Another embodiment of the present invention provides for an animal-resistant device. As shown in F ig.
13, this embodiment incorporates a latch 104 that animals cannot operate, but that humans and
handicapped humans can operate. The latch 104 prevents animals from entering the trash chambers.
Additionally, this embodiment can include a controlling component that is programmed to monitor the
photo-eye several times before engaging a compaction cycle, so that animal's movement can be
detected. In the event that an animal gains access to the trash compartment, all wiring may be protected
by metal or hard plastic to protect it from any damage that an animal may cause.

In another embodiment, a rolled bag-compartment is incorporated into the front panel of the device, and
is designed to allow a roll of bags to be installed, such that a single bag can be pulled out easily. Also, a
bag holder may be installed around the removable bin, so the bag is held in place and does not become
pulled out of place by the ram's movement.

Another embodiment includes optimizing the feed-chamber so that the trash receiving area does not get
Filled with very loose trash, causing the operator to have to run unnecessary cycles. In such an
embodiment, an efficient "pre-crusher" procedure may be implemented that makes the best use of the
trash receiving area by semi-compacting the load so the whole bin is used each time, reducing the
number of cycles that must be run with the big motor. In this embodiment, the pre-crusher utilizes a
separate motor to compact trash enough to fit into the charge box efficiently, such that the compaction
ram 1s used minimally, only as needed to push trash into the compaction chamber. Alternatively the
main compactor motor may be used to power the pre-crusher. In this embodiment, a set of hydraulic
valves directs the motor's energy to a higher speed, lower power ram such that the main compaction ram
pushed more dense material into the main compaction chamber.

The container may include drainage holes near the bottom to allow liquids in the trash to drain from the
unit, to allow increased compaction of the remaining trash. An additional feature for cold weather
locations includes a heating element to warm up the trash, thereby thawing any frozen liquids to allow
them to drain. Further, many materials such as plastic are easier to compress at a higher temperature, so
by heating the contents to the present invention can increase compaction efficiency. The heating element
may be controlled so that it is only activated when the battery 36 is near full charge. Further, heating
clements may be placed above, beneath or within the PV array, in order to melt snow or ice that is
covering the PV array. In warmer climates, a shallow drainage basin may be used to facilitate
evaporation of liquids. Sensors can detect moisture, temperature, or a lack of light reaching the PV array
and activate the snow melting heating elements, or may initiate fans to evaporate liquids in the drainage
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basin.

Another embodiment of the present invention includes using two or more similar bins for trash storage,
for the purpose of separating recyclable materials and to reduce the welght and volume of each bin,
reducing the chance of worker injury, and enabling the use of smaller, more standardized garbage bags.

The container may include mounting clips on the exterior to allow advertisement placards to be placed
on the outside of the containers. Other features include wired or wireless communications equipment
installed with the container. Radio signals may be transmitted by the container when it is full and no
more compaction is possible, or if the unit is broken or being vandalized. Further, the container can
report on conditions including battery charge, cycle counts, etc. The container can also receive si gnals,
including commands to immediately perform compaction cycles or to change cycle timing, etc. The
containers may also report conditions by indicator lights 11 (see FIG. 3) which may indicate if the unit is
full or malfunctioning. Such indicator lights 11 allow the containers to be inspected from a distance
(such as through binoculars) to allow service personnel to determine whether it is necessary to make a
service trip to the container.

It is possible to have two or more containers for trash storage, for the purpose of separating recyclable
materials and to reduce the weight and volume of each bin, reducing the chance of worker injury, and
enabling the use of smaller, more standardized garbage bags. The containers may have separate access
ports to allow people to sort and place different types of items into different containers. For example,
one container could have paper products while others have cans. Such a device according to the present
invention could then compact the contents in each internal container separately (using individual
compaction rams or one compaction ram which the containers are mechanically shifted to), or all at once
using one large compaction ram 24 that spans all the containers. Alternatively, each container may have
various types of crushers or shredders suited for each type of material. If different compaction rams are
used for each internal container, then the device could compact only the containers that were full.
Further, since different materials have different compacting characteristics (for example, crumpled paper
compresses much easier than metal cans), the compacting mechanism size, shape, force, method and
cycle duration can be optimized for a particular type of material.

Although solar power is disclosed as a source of power for the present invention, other sources of power
are within the scope of the invention. This includes windmill or waterwheel generators located
proximate the container, or located at an optimal location for collecting power. Alternatively, a
generator with a hand or foot crank may be positioned with the container, with instructions inviting
users of the trash container to crank the handle or pedal several times to help store energy to compact
their trash. For such generators, whether by windmill, waterwheel or human, alternative energy
generation means and energy storage means may be used, for example pumping air into a pressure tank
for driving a pneumatic motor, winding up a spring mechanism, or a pulley system to raise a very heavy
compaction ram, which then compacts the trash by its own weight.

Although the invention has been shown and described with respect to illustrative embodiments thereof,

various other changes, omissions and additions in the form and detail thereof may be made therein
without departing from the spirit and scope of the invention.
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